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than 


ORBAL 


* NO KNIFE-EDGES * NO BEARINGS * NO SERVICING 
* EASY DIAL OPERATION * ROBUST * EASILY PORTABLE 


We are now demonstrating these remarkable 
American balances all over the country. They 
give you simple, rapid weighing with direct 
reading and being very robust can be moved 
about like no other balance, without loss of 
accuracy. The complete range includes Model 
DLTS, capacity 500 g., accuracy 50 mg., price 
£61. 0. 0; and DLT2, capacity 120 g., accuracy 
5 mg., price £67.10.0. Write now for full details 
and a demonstration on your bench. 


BAIRD & TATLOCK (LONDON) LEMITEBD, CHADWELL HEATH, ESSEX, ENGLAND. 
Branches in London, Manchester, Glasgow. Agents in U.K. and all over the world. 
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“Built-in” PROTECTION 


TROUBLED BY WATER AND CONDENSABLE VAPOURS? 


SPEEDIVAC" gas-bailast pumps handle most non-corrosive condensable vapours 
without any deterioration of the high vacuum performance 


May 13, 1961 


ARE NOISY PUMPS FORBIDDEN ? 


SPEEDIVAC'’ pumps are specially designed to provide unusually quiet running 


WORRIED ABOUT OIL FLOODING ? 


Non-return valve accessory prevents this should the power fa 
INTERESTED IN SAVING OIL ? 
An ingenious device collects most of the oil-mist and returns it to the pump 


MODEL | 1$C30 1SCSO 28C20 2SC50 2SCI50 


STAGES 4 2 2 2 


ULT. | WITHOUT GAS-BALLAST; 0005 | 0005 | 0005 000! | 0 0002 | 0000! 


Torr WITH GAS-BALLAST 10 05s 05 03 005 | 0003 | 0-003 
lubrication system strips the orl free of SPEED |. min 32 48 144 450 22 48 144 
a a efore returning it to the 


LARGER CAPACITY PUMPS AVAILABLE 


“SPEEDIVZ\G’ GAS-BALLAST ROTARY VACUUM PUMPS 


EDWARDS HIGH VACUUM LTD | ane 


INSTANT 
SERVICE 


ANYWHERE IN THE WORLD 


From the world’s most complete inventory of quality 
- biochemicals, N.B.Co. offers the speediest delivery any- 
_ where in the world at economical prices. 


NUTRITIONAL BIOCHEMICALS CORPORATION 


21010 MILES AVENUE CLEVELAND 28, OHIO 


nen om 
; Send for our free February, 1961 
| Catalog containing more than 2600 | 
| items. Fill out coupon and mail to- 1 
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‘WABGEAR 


SPECTROPHOTOMETER 
POWER SUPPLY—-115D 


Designed to replace the use of an accumulator with the Unicam SP500 
Spectrophotometer, the Labgear Power Supply is guaranteed not 

to impair the operation of the Spectrophotometer. Particular care 

has been taken to minimise the temperature rise of the sample and 
control components due to the heat dissipation in the series 

regulators. The use of the latest type power transistors together with 
cast alloy heat sinks permit the unit to operate at high ambient tempera- 
tures under adverse mains input conditions. First quality components are 


employed throughout, making the unit suitable for pan-climatic use 


Labgear 


LABGEAR LIMITED CROMWELL ROAD CAMBRIDGE 
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For uses such as calibrating equipment for measuring radioiso- 
topes, The Radiochemical Centre offers two ranges 


1. Solutions of high radioisotopic purity whose activity has been 
established by an absolute method, such as 41 beta counting; 
effective standard deviations are less than 3° 


The following absolutely standardised solutions are available at fixed 


fimes of year 


CAESIU M-137 
CALCIL M-45 
CERIUM-141 
CERIUM-144 
COBALT-60 


GOLD-198 SODIL M-22 
IODINE-131 STRONTIU M-89 
MERCLURY-203 STRONTIL M-90 
PHOSPHORL 8-32 SULPHUR-35 
RU THENIU M-106 PHULIL M-170 


Solutions standardised by comparison with an absolutely 
standardised solution; effective standard deviation less than 5 


The following solutions are available either once a month or from stock 


CAESIULM-137 
CARBON-14 
COBALT-60 


GOLD-198 POTASSIU M-42 
IODINE-131 SODILM-24 
LEAD-210 STRONTIUM-90 
PHOSPHORLUS-32 


Please write for complete details and charges. 


ompre hensive atalogue luding more than 500 
labelled « ompounds are available on applic ation. 


AMERSHAM ~- BUCKINGHAMSHIRE - ENGLAND 
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CUTROCK 
a Effortless in use: 
No abrasive action in crushing 


Thus minimum of contamination: 
Simple quick change over from splitting 
to crushing set-up: 


MODELS 

6 ton-—-CRS100 

ton CRS200 
CRS300 


Crushing Chambers 


1” dia. 2” dia. 3” dia 


CRUSHING SET-UP 


For full information write or telephone SPLITTING SET-UP 


CUTROCK ENGINEERING CO., LTD., 35, BALLARDS LANE, LONDON, N.3 


TELEPHONE : FINCHLEY 5978 9 


* Interference Filters 
* Crystalline Materials 


* Optical Components 
particularly for the 
infra-red 


BARR & STROUD LTD. 


ANNIESLAND 
GLASGOW, W.3 
London Office: | Pall Mall East, $.W.1 
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‘To build the 
best storage battery 


humanly possible’ 


IJUNGNER L899 


modern Nife battery is the most hig! 


hie 
ele veloped form of Jungner’s original i 
tion Evidence collec ted over thre years proves 


conclusively that it has the highest lite 


ratio. It requires very little attention and 


holds its charge for long periods. Heavy 


current cise harge, overcharge or even ace 


dental reverse charging do not damage the 


steel alkaline cells. Nife batteries are ideal 
for laboratory or research work, and tifteen, 
twenty or more years’ hard service is not 


exceptional, Write for publication 954 


Fit for a long life NF? 


STEEL ALKALINE BATTERIES 


NIFE BATTERIES - REDDITCH * WORCESTERSHIRE 


TGA 


ing 

>. 

1 

\ \ ) 
| oy 
| : | 
j | = 
a) 
3 
| 
| 

} | | 

1- 


May 13, 1961 NATURE 


ACTUALLY 


old chap 
the secret 
is in the 


bearings 
this means 


and 

CONSTANT 
SENSITIVITY 
because there is 
no friction, 
no wear, 
no arrestment 
mechanism 
to adjust and 
no effects from 
vibration. 


OERTLING QO! Deci-Micro balance weighs to the order of 
10~ °g. yet is as easy to site and use as an ordinary balance. The 
Torsion head has two controls, fine and coarse; the beam is easily 
replaceable, the pans are thermally insulated and the lamp in the 
foot is well clear of the works. Capacity 250 mg each pan, 
accuracy (standard deviation) 8 x 10~-®%g. 


Send for full of:- 
DERTLIN 01 DECI-MICRO 
BALANCE 
L. OERTLING LTD., CRAY VALLEY WORKS, ORPINGTON, KENT. TELEPHONE: ORPINGTON 26771/5 
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INFRA RED 
ADVISORY SERVICE 


HOW GOOD ARE YOUR RAW MATERIALS? 

IS YOUR MANUFACTURED PRODUCT UP TO STANDARD’? 
HAVE YOU ANY PLANT TROUBLES? 

iS YOUR PROBLEM ONE OF IDENTIFICATION? 


OUR INFRA RED ADVISORY SERVICE CAN HELP YOU, AND OUR EXPERTS, USING THE LATEST 
GRATING SPECTROMETERS, HAVE ALREADY HAD SOME SPECTACULAR SUCCESSES. (ALL 
RESULTS ARE IN STRICT CONFIDENCE.) WRITE FOR DETAILS OF THIS SERVICE. 


GRUBB PARSONS 


GRUBB PARSONS - WALKERGATE 


NEWCASTLE UPON TYNE 6 


Heathway 
Glass Working Lathes 


are known throughout 
the world 


®@ May we send you 


leaflets ? 


The new universal » fei in 
tts vertical p fon 


UXBRIDGE ROAD, HILLINGDON, MIDOLESEX 
TELEPHONE: UxerRioce 6345 


Agents in the U.S.A. and France 
Richoux Co. Inc., Broadway, New Yerk 10, N.Y 
Ets. L. Richoux, 22 Cité Tréviee, Paris % 


HEATHWAY MACHINERY CO. LTD. 


HIGH INTENSITY 
LAMP 


A versatile source of white light, eminently 


suitable for all laboratory purposes 


Leaflet sent on request 


RAYNER 


160 NEW BOND STREET, LONDON, W.! 
Mayfair 0128 
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It’s What's Inside 
That Counts! 


Packard Auto-Gamma | > 
Spectrometer ~* 


Systems 


Serves 410A Aut 
Inside Packard’s Series 410A Auto-Gamma Spectrometer Gamma Spectrometer 
it's all solid-state electronics. Fully transistorized—there’s 
not a single hot filament electron tube to cause heat and 
reliability problems. Unique expander-amplifier 
circuitry and magnetic amplifier voltage regulation 
insure that narrow “windows” are maintained 
with maximum stability. In the wide mode of operatio: 
windows of any width may be exami! ed. Of course 
integral operation capability is also included 


The Series 410A is available for m inual operation 
or as a part of a complete Auto-Gamma S\ stem 
an automated unit capable of handling. unattended, up 
to 100 samples. The patented* automat i: sample change: 
with its center well and peripheral sample rack insures 
constant geometry and therefore constant background 


Packard Auto-Gamma Systems are generally supplied 


with either 2” x 2” or 3” x 3’ crystal well detectors for eithe: Model 423 Well-Type 


intillation Detector 
manual or fully automatic operation. ° 
If you are counting I'"', Co". Na” or any other 
gamma emitter, you should find out ‘“‘what’s inside 
Packard's transistorized Auto-Gamma Systems that 
make them count so well . . . so reliably 


Write in for Bulletin 400 


Tri-Carb Liquid Scintillation Spectrometers * Auto-Gamma Spectrometers 
Scalers + Ratemeters + Small Animal Counters «+ Flow Detectors 


[Plackard Instrument Company, Inc. 


P.O.BOX 428-P, LAGRANGE. t1LLINOIS, U.S.A. 


CHICAGO: AL BUQUERQUE + ATLANTA- BOSTON + LOS ANGELES - NE W YORK + PHILADELPHIA . PITTSBURGH 
SAN FRANCISCO - WASHINGTON, 0.C.+ ZURICH - PARIS 


é 
May 13, 1961 
: 
‘a 4 - 
4 
— be 
Page 
j 
(rr 
- 
‘ 
4 
te 


eeiv NATURE May 13, 1961 


Britain’s finest value in Vacuum gauges 


This inexpensive yet extremely reliable Leybold-Elliott range of vacuum 
vauges includes a model that will exactly meet your requirements. A unique 
feature of the PVE 41 control unit is that it is able to work with almost 


every available lon gauge head. Other advantages include: 


@ Built-in out-gassing facilities @ Suitable for standard GP.O_ rack 
mounting 
@ Leak-detection facilities 8 
@ Five separately-switched ranges 
@ Protective circuits to protect both gauge @ Stabilizing supply for the emission current 
head and stabilizer in the ranges .2 to 20 m.a. 


@ Price only £175 ex stock, Borehamwood 


Write for full details of the Leybold-Elliott range of high vacuum eauges 


LEYBOLD-ELLIOTT LTD 


Manor Way Borehamwood Herts Tel: ELStree 3636 
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This is the SP.700 Spectrophotometer. One 
of the most advanced aralytical instruments 
of its kind. Precise—versatile—reliable— made 
UN I CAM for analysis through a spectral range of 

a ! Ultraviolet, Visible and Near Infrared. The 
SP.700 records a detail of the composition of 
unknown mixtures—detects minute traces of 
the most elusive elements—completes in minutes 
a task which would take hours or weeks by 
other methods. Used by scientists in the great 
University and Industrial Laboratories of the 
world. Made by Unicam Instruments Ltd., 


Arbury Works, Cambridge. 


SP.700 Recording Spectrophotometer 


UNICAM INSTRUMENTS LIMITED ARBURY WORKS CAMBRIDGE 
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CHAPMAN & HALL 


SYNTHETIC ION-EXCHANGERS 
By G. H. OSBORN, Faic 


Second Edition 


so soon after first publicat on shows 
In this new edition some of the mor 
and 


this book should be called fo 
t in ion-exchange phenomena 

etical sections have been deleted and the chapters dealing with the newer 
practical aspects of the subject have been revised and enlarged. New chapters have been 
1 the use of ion-exchange in the control of trade effluent, on the economic large scale 
m of de-ronized water on 


pulsed technique 


nd edition I 


resins as Catalysts, and in 


the pegged 
Illustrated 


on 1on-retardation 


New York 


From Reinhold Publishing Corporation 


SCIENTIFIC THINKING 


AND SCIENTIFIC WRITING 
By MARTIN S. PETERSON, PH0 


ng emphasis on integrating logical and scientific methods with the actual 
The author's approach is unique in that he avoids preoccu 
a function ot 


tr 
Cs Sire 


of scientific writing 


37 ESSEX STREET, LONDON, W.C.2 


Bellingham & Stanley Ltd. 


PRECISION KS INSTRUMENTS 
7 
O. D. 


The new B-S ‘PEPOL 60’, a photo-electric polari- 
meter for Optical Rotatory Dispersion measurement. 
Specifically designed for O.R.D. work in the 
vis ble and u.v. regions, this instrument 
0.002 
angular degrees over the majority 
of the range 2,200 A—6,000 A 


yields results accurate to 


Further particulars from the manufacturers: 


HORNSEY RISE, LONDON, N.19 
PHONE: ARCHWAY 2270 


Sole distributors in U.K. for Schott Monochromatic Interference Filters 


DEPT. N, 71 


1 
| 
| | 
| 
the 
| my 
a 
| 
| 
— 
— 


May 13. 1961 


NATURE 


CONQUEST OF SPACE 


7 with the 


prot 


and a dav will come, one 


in the ession of davs, when beings, 


beings who are now latent in our thoughts and hidden 


unending suce 


in our loins, shall star d upon this earth as one <tands 
upon a footstool. and shall laugh and reach out them 
hands amidst the Wells pred ted 
the 


stars So H. G 


in his discourse, Phe Discovery of Future 
delivered at the 
1902 (Nature, 65, 326; 

Almost 
of the [ 


Man is entering a me 


Imstit on January 24 


Roval 


Academy of 


point to that prophecy 


sixtv vears later the 


S.S.R. has given 


regime of endeavour Risen 


intertidal slime. he now cleaves interstellar 


The 


from 


from 


plasma astronautical venture has begun For 


those who innate seepticism or lack of know 


ledge, have underrated this epic achievernent as beimg 
than rocketing instruments into 


Apart from the 


no more important 


space, guidanes Is necessary 
sheer poetry of a human being undertaking such a 
scientifie value is vast Instru 


vield what 


Ulvssean journey, the 


ments, however ingenious, can only they 


have been set to do. They are precluded from the 


reali of discovery Man. with his natural universal 
ity and ability to reason. is at the very pinnacle of 
all discovery 

the perspective received by the 
The 
given 
random 


Unfortunately, 
reason is that astro 
the 


publie is a trifle confusing 


nautical programmes have HMpression ot 


somewhat of a not wholly 
this side of the 


Albert Ducrocq, a savant of note in astromautics and 


bemg process 


untrue Iron Curtain However, 


evbernetics, has managed in his book, Vvetorre su 
with much elarity the achieve 


The 


deve nt Of space 


/ Espace * to deseribe 
and 


ments aims of space scrence hook does 


detail with the 
but provides an excellent review of per 
With Gallic limpidity 


not deal in 


\e hic le =. 
formance and ace omplishime rit 


of expression lost im the 


how the 


(not translation) he shows 


chief outcome of the astronautical revolution 
has been to make the scientitie deseription of Nature 
more elegant 

outsicle our 


Merely a few measurements miacl 


planet ay produced immense strides forward in 


ertain branches of science. For example, as described 
rh the famous report (March 28. 1959) by Academician 
A. N Academy of 


ks revealed 


pres dent of the 
first 


upper atmosphere is greater 


Nesmmevanovy, 

U.S.S.R.. the Sputni 
that the density of the 
different 


than was thought and composition is very 


forms of nitrogen and beimyg 

Also 

ith enormous Variation m tenmipe rature and pressure 
erize this home of Vulean. 

} 


basis Of teorolog been transformed with Stile h 


Too, molec ilar 


~sentially non-existent extreme turbulence 


uppears to char: 


knowledg Human intervention in directing 


course of winds. rains and hurricanes may be 


i 


eration 


Barth hi 


appears to be a gravita 


age By ana 
radi of the 
There 


tional asymmetry suggesting a bulge 


of Kepler's law the 
estir precise ly. 
in the southern 


Geophysical measurements hav acquired ib 
remarkable 
The existence of 


was indicated when the 


ACCUPACYS 
radiation at great height 


Ameri Ewplo er / f lowed 


orbit mot planned by the 


intense 
an eccentric technicians 
It was an error on the plus side, since it led to identifi 
chietly by Van Allen. of belts of 
encircling our globe It appears the 


the atmosphere 


radiation 
Earth 1 


cation 
that 
submerged within Suns ‘hes 
belts of plasma material having their origin in sola 
rays provide a link between solar events and thei 
Earth For the 
laboratory in an 
Argus’. An atom 
Liberated eleetrons assembled almost 
Earth's field to 


There is a danger in 


effects on first time 


outer Space wa 
known a 


fired 


used as a experiment 


Operation wees 
out in space 
instantaneously the mage t 


produce an artificial aurora 
such experiments 


speed to 


\part from causing the Earth's 


rotational vary, repeated explosions could 


shatter the electrical equilibrium of the upper atmo 


Thi 


balanced 


sphere, so playing havoe with our climates, 


planet of ours seems to be rather delicately 


W hat 


space is its direction toward the future 


Soviet research wu 


One 


has distinguished the 
to another which. tn turn, give 


While 


Soviet screntiste 


tion leads elegantly 


to 


for the 


extended work 
large 
restrict the number of operations and make cach as- 
fruitful 
that all 


more preparing 


future on @ very scale, 


as possible For example, it was puzzling 


s should have been placed 


orbits with low perigee. until one realizes that such 


and geodetic, st 
This 


ung 


satellites are at onee atmospheri 


vieldmg the greatest range of information 


powerful, ordered way of thinking is an 


counterpoint to thre impression one gets from t hie 


literature of Tolstoi. Dostoievsky and Brvijsov. for 


mind, so 
lies 


naive 


example, of the Russian passionately 


unrest rained Therein probably their 
often finds 
achiever rut He 


Machiavellian device 


Tries 


SUCCESS 


Regrettably. one dismissal of 


Soviet screntitic being another 


for propelling the propaganda 
and making overtures to the 


To be sure, the 


uncoroutted 
Russians do relate 
But 


lus to ce nigrate the sheer scientifie attainment 


political prestige 


to their scientific endeavour this should not 


itse 
M. Dru discusses the 
encountered in space travel and how some of 


have 


kinds 


categories of problem 
these 
been surmount d “irst, stabilization of various 
vehicles 
This was done by creating an initial spin 
ices He 
When a satellite 


takes 


vas required to prevent fron 


turnbling 


roby using ancillary fluid-ejection dey 
reviews problems related to re-entry. 
into the 


lined attitude 


returns atmosphere, it up @ stream 


according to aerodynamic influences 
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all and sundry should view 


ttle apprehension the pol 


wan (Commander Alan Shepard po 
April 22 it still seems that 
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hye imu 


ng pric to freedom for. st 
all. freedom 
to the ultimate bere of man 


the Soviet ancl promises 
t shall feel happier 


st results h 
are implemented mtil then 
shackl 


threatened To-da 


censored, and this ts bound 


on April 12 , bad faith and suspreron 


img on thie reat achiever 


ontrolled space vehicle 
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avo Soviet Union Most men of ser 
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tated We 
at the servi | peoples m 
well-being 


from the other hand 
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publish 


Americans have not on 
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f all human beings on Earth 
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has been during this flight and experiment (fet 
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he world bit 
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the tool of politi 
cientifie endeavour coup \ 
rich has seareely reached 
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ort step to shou 
hreat 
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useful im 
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Until we have a world where all or most of its — indet 1, some pages 
peoples are suthe iently edueated or informed about written im code sorne 
things scientific, we shall travel further and further NOL 

become obsolete (see 


nto that dread arena where polite ans are playing 
would save readers a lot 


ball 


referee, 


dangerous game having no 


United Nations. 


united scientific en 


bombs a 
the 
wh 


with 


not even who are tions were supplied at the 


certainly not yet in hook 


dleayvour 


course 


eri 


on 1 
ind biosynthesis of phospholipids 
thie 
compounds it 
followed bh i 


eon 
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synthe 


chapter 
the he 
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Recent Advances in Biochemistry 


Ltd 


Fourth edition 
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and thie 
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echanisnm ‘ 
ch 


biochem 
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ot 
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elsewhere 
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highe: 


know? 

ation om 
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he Krebs urea-evel 


biosvnthesis of aromatic 


the next two 
discussion of 
ipounds which perhap 
and biologist 
mpect of an «planation 
The 
i} 
is an mteresting 
eetion of EB. coli b 
Chapter 7 deal 

d compound 
of the 
olestewal. 
here the a 
i> contributed 
these 


matter 


vir 


tie rather than 


Stay 
arotin 
ana thon 
at com 


cell metabolism 


brat 


ron ol 
portance one 
the 
reference 
and there 
free 


are erou 


crime 
ot 
right 
abbreviations 
such as DPN, may soon 
188, 1960), It 
unnecessary searching 
tical key to abbrevia 
end of the 


names compounds 


they been 


have 
are 


these 


be yinning or 


The standard of production ts good, and the 


numerous diagrams of formulae and reaction schemes 
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pment. The fundamenta lore hird edition of a book with this tithe appeared 
by. and therefore praise s also du to. the screntist I ‘ Prot ul 
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ho made possible the hero feats of these two met 
book is by a different 
In faet. these pournevs mto space ar the results of } 
ort ‘ people Over than Vears, re mtervening thirty 
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book and the speci article, and to 
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ANIMAL BEHAVIOUR 


urrent Proble ns in Animal Be haviour 


belited by W. H. Thorpe and Prof. O. L. Zangwil 

NIN 2 plate Cambridge At the Un 

FRESHE phe f animal behuavie ive | 

| sti i rey meres ne ) 
entist Few other diay 
ttracted) sue) il Vv of workers and have to 
>» lifferently oriented cdiseiplimes After a 

veriod im which these various disciplines ignored 


wh other, a& tenebeney vrew towards establishiny 


ontact ; th ofirst expressed itself im miutual 
riticism, but yradually developing into real 
Operation tise the subject so Complicated, 
mouse it alse rmpore obstacles to cotsistent 
entifie murs than most other life processes, ana 


irther because each class of workers has developed 
and theories during 
vrowth of co operation is a 


this, 


notwithstanding a growing tendency towards special 


ownh concepts teri inelogy 


periods of isolation, the 


lifficult and painful process. In spite of and 


zation, an inereasing number of workers is seriously 
at 
for a unified, broad and systematic attack on problems 


These 


ittempting to least a common foundation 


f animal behaviour attempts naturally 


equire much discussion, and im many research 
ntres there have been formed interdisciplinary 
scussion groups im which problems, methods 


meepts and conerete research plans are critically 
onsicdlered 

The 
kind of 
of Dr 
roup 


insight into the 
such Keach 
Prof. Zangwill’s alert 


write an 


pore HOOK in ATL 


activities of ribet 


+ and 


Se rs 


Thorpe and abl 


was asked to essay On an aspect 


t hus own work or dise ipline which appeared to him 
nteresting and vital for the study of behaviour as a 
whole 


these essavs were then critically discussed 
wud rewritten 
The result is a series of extremely worth-while 


bundl al 
jointly 


hapters, loosely into four 


Che 


part 


editors wrote a general introduction. 


md each part is again introduced by one of 
them 
Part | (Neural Mechanisms and Behaviour 


ontains a chapter by D. M. Vowles in which differ 
the and 
are traced. and constructive chapters 
by L. Weiskrantz and O. L. Zangwill. Part 2. 
not quite appropriately called “Experimental Studies 
of Animal Behaviour 
ization (A. D. Blest), on flock organization in birds 


between nervous systems of imsects 


vertebrates 


contains chapters on ritual 


J. H. Crook) and on filtering of external stimuli 

P. Marler); Part 3, on “Problems common to the 

Psvchology of Animals and Men has 5 chapters 
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\ Wat t the last part d hy Theor 


al R ‘ wy H Barlo 
nd V. Cane 
} i ! ana 
No pected they rea iea! 
thar rint md af tl tren 
{ mit tie i i little o lestructive 
t thet t! hin nar TL 
Nor should } fy vten 1 ne fiat 
considerable ce hin 
titl ane \ hie 
ta wre « haustive cove n ore 
of approach than are really presented When t) 
tate hat the psycholog niere 
i tii on Ot behaviou nm genera 
th are, | feel, underrating the fae that the narrow 
leseriptive basis of psychology makes it time 
dithteult to the general ! 
and that the undoubtedly neral problems of 
il Va it? ani evol LL int row lex ted il 
biology os still very largely dominated by the 
concept of evolution p. NU, italies mine), do they 
ean that this is a@ passing stage which thology 
outyroy and which psychology has already 
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AXIOMATICS AND 
FOUNDATIONS 


The Axiomatic Method, with special reference to 
Geometry and Physics 

International held 
at the University of California, Berkeley, December 
1957-January 4, 1958. Edited by Prof. Leon 
Henkin, Prof. Patrick and Prof. Alfred 
larski. (Studies in Logie and the Foundations of 
Mathematics.) Pp. xi} 488. (Amsterdam: North 
Holland Publishing Company. 1959 GOs. 


Proceedings of an Svimposium 
2h, 


Suppes 


The Foundations of Mathematics 

\ Study in the Philosophy of Science 
Beth. (Studies in Logie and the 
Mathematics.) Pp. xxvi-+ 741 
North-Holland Publishing Company, 


two books, differen 
alike in purpose, present ar 


basis of mathematics. 


By Evert W. 
Foundations of 
Arnsterdam 
1959.) 100s 


but 


inspiring picture of 


im emphasis 


modern thought concerning the 


The drilling into the sub-strueture of the subject 
goes on with relent less Virour The whole field Is 
becoming so vast that expertize within expertize 


is beginning to appear, which means that the student 
but guidance as well, 


speciilized 


instruction of course, 
through the of highly 
All this is provided in good measure 

Method is the outeome of a conference 
held in 1958. Its general theme, as the title suggests, 
is the formal structure of mathematics. The delibera 
(1) foundations of 
geometry ; (3) general 
problems; and applications of the axiomatic method, 
In the the that of 


Th 
mass literature 


tions are divided into three parts 
(2) foundations of physics: 


first of these order 1s subject, 


book will be wreathy valued (R.A. Hinde, W. H. Thorp. ho tributions 
rl nd tetchers and, perhaps overlap a litthke M. A. Vinee, D. E. Broadbent and 
f of y of ibjeets cise { 
outgrown 
|_| 
i; 
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and 

ip syster j ‘ vw basis of two 
receives Comment The 
is, mie h of the 


odern But it 


ene 


Omission 


1 i very properly 


vork discusses 


would have been imteresting to have had the editors 


reactions to the contributions made by such out 


standing minds separated by such a long period of 
time 

(‘oncerning the parte ular att rm of the 
Newtonian period, and the seeming lack of postulates 
or any other kind of ‘common notions’, it looks very 
nuch as if the influence of Francis Bacon was too 
dominant, and that stress was laid very 
general) as an matrument of 


firmly on the 
of smence (in 
progress If this should be a ¢ 
of events, it would follow that 

in the prevailing intellectual 


power 
orrect Interpretation 
induction rather than 
deduction was 
climate 

Turning to appleations of the axiomatic method 
Part 3). Prof. R. L. Wilder, of the University of Michi 
gan, has a most mtriguing paper on the mnovations 
which he brought about in teaching his postgraduate 
students to use such a powerful tool for themselves 
in the establishment of proofs, suftic iontly refined 
and complete to satisfy twentieth-century standards 
and way (and 
occasionally even at undereraduate-level) he claims 
to have discovered creative talent otherwise dormant 


of consistency ace In this 


or perhaps frustrated 

The Foundations of Mathematics has a 
lifferent ann It is essentially a treatise, covering 
almost all aspects of foundation theory, but axio 
though this aspect is contined to 
Part 1 provides an exceptionally 


somewhat 


matic mm spirit, 
Parts 2 and 3 
lucid study of the historical background of founda 
tions, with parti ular reference to Aristotle's Theory 
of Science, and the rise of symbole logic which 


must, almost of necessity, include a brief outline of 


Further with 
such non-elementary the 
existence of mathematical entities, paradoxes, set 
recessive functions, sets and 


parts dea! 
mathematics, 


formalized axiomatics 


topics as 


theory and topology, 
predicates In conclusion come some comprehensive 
remarks on metamathematies and philosophy. Prof. 
E. W. Beth has some shrewd observations to make 
on the often amateurish—-efforts to re 
solve the more important paradoxes. Having expoun- 
ded the orthodox views on such matters, he implies, 
very gently, that they have too often suffered from 
the ‘fools and angels’ type of attention It is all 


count less 
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GROUPS, PURE AND APPLIED 


The Theory of Groups 

By A. G. Kurosh. Translated from the 
and edited by K. A Hirsch. Second English edition 
Vol. 1 Pp. 272. Vol. 2: Pp New York 
Chelsea Publishing Company, $.95 collars 


each volume 


Russian 


30S 


Abelian Groups 
By L. Fuchs. Pp. 367. 
Pergamon Press, 1960.) 


(London and New York 


63s. met. 


Seminar on Transformation Group; 

By Armand Borel. With contributions by G 
Bredon, E. E. Floyd, D. Montgomery and R. Palais. 
(‘Annals of Mathematics Studies, No. 46.) Pp. 
viii +245. (Prineeton, N.J.: Princeton University 
Press ; London Oxford University 1960.) 


36s. net. 


Pres- 


their 


two volumes by A. G Kurosh, im 
well 


rT 

| American translation by K. A. Hirsch, as 
as the book by L. Fuchs, are photographie reprints 
of the first editions that appeared in 1955 1956 
and 1958 respectively. \ few misprints have been 
corrected in this second American edition of Kurosh’s 
book; the Pergamon Press has appended a short 
list of errata to Fuchs’s book whi ‘h was first published 
Hungarian Academy of the 
reprint is not even dese ribed as a second 
‘The short space of time that has elapsed 


by the Sciences, but 


presont 
edition. 
since their first appearance Is a me asure of the success 
and the importance of these books. But a glance 
at their history will explain why this time is too 
long for them to unchanged: it would 
have been more in keeping with the spirit of these 
books if some of the that they 
themselves have done so much to stimulate had been 


re ib} 


recent advances 
inelaided, 

The theory of groups, now ons of the most impor 
tant branches of abstract algebra, has seen & specta- 
cular burst of activity during the past few decades. 
Kurosh’s book is remarkable for the way in which its 
various editions are in turn result and cause of this 
development. Kurosh first wrote The Theory of 
Groups in 1940. It was then the first book on just 
groups, rather than finite groups, and the stress was 
The War delaved publication 


on infinite groups 


the second of historical development, and i ‘ oOo i i 
purpose behimed arrangement vort} clarify more intractable Features 
noting Ceometr } heen the lome round Phe author principle, aralytie 
that field +] ethod originated It would b arise, ratine ou } ep SOT 
juite unnat ral if anv sequence other than by subject tot 
vere uwulopted Bu nhvsics has mot ck oped lik re ‘ ‘ i itter of clogres a 
In faet to-dav phvsieal rese irch is often eure tne ¢ a 
froquet kept lively and prog ly thie 
need to reso ome inconsistency or to remove — 
ae 
apparen paracdko thrown up bw periment on bees ile 
f Euclidian methodolog But of that, more anon Information, 
Chere are at least two classic exal pole in which the OF is rst 
ixiomatie principle worked well in physies under 
as 
a 
a 
4 
| 
if 
4 


vanced Studies at Princeton 


chapters “are written rem ber 
f the seminar presenting their own contribution to 


topie the application of cohomolog 
to the study of the 


topolog eal 


ts work 
al rie tho«ds 


tort ol 


action of compact 
Spaces thie 


ools. ranging far and wide over recent work in alge 


braic topology, are n ainly taken for granted, though 


yeneral reterence Lo the sources 1s provided \t 
this different level ot specialization the pre sentation 
clear and but naturally 


Fact chapter earries its own short biblio 


is again well organized, 
eoncine 
vraphy, not aiming at completeness but contamuing 
This book is « learly 


NEUMANN 


only the most rele, ant papers 


for the expert only HANNA 
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j ntil 1944. and the book beeame available to a wider POWDER METALLURGY 
be public only in 1953 when the Akadenue-Verlag 
Ber! doa Germ translatio that 
e the stunulus roy Original 
in original By Dr. W. D. Jones. Pp. xii +1032 Londos 
mi led to mur rour new ome ot which Kd hiial 
“iwara rnol *ublishers ate ane 78 et 
ere added to the German translation in an appendix 
B. H. Neurnann Kurosh 
she Important metallurgical process, and. though 
‘ mht of The rap rh 
! : number of comprehensive books on the subyes 
ot infinite nilpotent group d 
£4) \ lof R \ r ive been published in the United States, it is ver 
ower il molto roup theorist 
1953 h ; R ful to have this long and detailed bo publishe 
t} arin ‘ econd mi > 
} (ireat Britain and written by an author with suc 
virtua new ook compared with tl 
cond ! a the author of the well-known 
rar on vil ! ule H rs VJ } | } | 
‘ ofa yub ‘ > 4 
recent { ents ‘ alae hrouut 
- prety Phas porespoaal of p hy hia 
Shapu ithout Pre sing ind The 
followed by another ver lony on \ 
{ \ } ent of Speemnie Quali wi 
mt 1 tu ee init ‘ 
h the properties re ured at ro b 
nfimite abelian uw ps appeared iw af } i 
powder meta mat wire i sectio 
factory vont ! ern i 
ether pt rapid. and Fuel book 
rie ‘ il Nut »>tara he basi M ( 1 
! ethiod ontrotl rhe rs tte 
RBevond that much of the characteristic fthavour of 
powder he | ery a j erely tps 
Fuel lne tothe taet tha es 
‘ aria ethod oft testimyg powciel ara iprict 
rel tates where tails tt ae test 
mn the b jer e the Hunvarian sehool of 
found 
ro theorrst a ghanesr it the extemsive 
bibliography and at the numerous examples at } 
oO Cove rimcipies rather per tice ui 
nd of each chapter, many of therm provided To give , P i ul 
wiciitiomal mifor iT n recent | coneise detatled deseriptions of plant and processes al 
additional imforn n on recent il in 
not imelhauded \part from this Omission the boo 
7 revea the vigour of the (then) current researe! 
Roth books start from = th begimmit of + very comprehensive very foamy thing 
tha rt rit ippears to have been left out The book written 
of ithematical reasonimne witl na clear and simple manner armed releval 
istrations 
me Past Pie itical Both ul to th 
ontret ki im their ture ny wot The beok will be essential for 
the latest 2 ts but also pomting casin and since some aed 
11 vi of 1 ‘ terest te et 
gain to the olved proble ind juestions nnportance or in ailury 
Thu heath hooks al sitabl for in fat ronal It will also be useful to others who re not met 
ists, 8 > t t ‘ octe 
ynmended to. the bright undergraduate and the Unportant are powd ert 
ung research student at the same time then 
i pth md seope make them itnaisp nsable tor hie It is possible that with the evelopment of pro 
expert Some of the most striking discovert act COSSCS ich as the Sherritt-Gordon process for } 
neo their appearance owe much to the influence reduction of metals from their ores, the tinal product» 
f these books: of the problermis the state are f whiel um powders, powder pr 
n fact. now solved Let us hope that a further vill no longer be used only for sinall or speeitzed 
tition may soon be porsibl omponents but will also be used for large-sea 
By contrast, the book by Armand Borel and hi Processes 
ilaborators deal vith a highly specntlized applica As has been said, the book | or 
on of group and homology theory It thousand pages. and at seven guiness is eXpetsi 
 hodies the results of a seminar heli by Borel The length and cost could have been reduced b 
omitting parts which do not fall strietly within tl 


be found 


provinee of powder metallurgy © } can 
it the ad erip 


books 


i! standard text 
the properties of 


and o 
Powder 


mot, as 


t met vhiskers 


ions of 
vem ral magnetic properties The section on 
Metallurg, 
might be expected 
economical to use powder metallurg. 
but dese ribes the 


as a Competitive loes 
when it i 


than 


from its 


rather 


other organization of a 


proce 


metallurgy products 


tactory 
The section is interesting, but it is do ibtful whethe 


producing powder 


the organization of such a factory differs in its 
essentials from any other tactory producing small 
parts 
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The Brittle Fracture of Steel 

sy Dr. W. D. Biggs. Pp. xxvi+420. 

Macdonald and Evans, Ltd., 1960.) 70s 
N this book the author 
account of all the factors related to the brittle 

Thus he details a vast 


(London 
not. 


gives a very thorough 
fracture of structural steel 
amount of accumulated knowledge on deformation 
and fracture, and and design 
aspects as well as methods of testing and the effect 
In addition, 
welding and 
of residual 
mentioned, 


discusses service 
of metallurgical variables on behaviour. 
he deals the relation between 
brittle fracture, and the significance 
Although cast irons are briefly 
the coverayve on steel cloes not extend to alloy steels 


with 
SLresses 


as Buch 
The authoritative comprehensive 
However, as a result of the the 
book does not readily yield a concise overall picture 
The diffuseness im im reased by the fact that im places 
the stvle is rather This tendency is most 
rather 
There 


fourteen 


and 


wide 


text is 
treatment 


involved 
when the 
is giving specific information 


noticeable author is generalizing 
than when he 
s indeed a useful summary chapter of 
pages, but it wo ild have been better if this had been 
subtitled and set down in a crisper style 

In conclusion, it must be emphasized that this 
is a sound and informed book providing a thorough 
and in this 
respect it deserves recognition as @ valuable reference 
work. Regarding the the remarks here 
of course merely indicate my Own reac Never 
book wo ld have been 


development ot the subject matter, 


style, 
tron. 
theless, it does seem that the 
much easier to assimilate had the author eut through 
incisive 


A. R 


the subject in a more 
BAILEY 


Proceedings of the Fourth International Conference 
on lonization Phenomena in Gases 

Uppsala, 17-21 August, 1959. Edited by N. Robert 
Nilsson (Series in Physies.) Vol. 1 Pp. xii +552 
Vol. 2: Pp. viii +553-1210. (Amsterdam : North 
Holland Publishing Company, 1960.) £12 6s. Od 
the two volum: 

two volumes 


the 250 papers which were read at the conference 


contain the majority of 
by screntists actively engayged n the fir l of ponization 
countries throughout the 
far the greater mumber of 


physics in twenty-one 
world. The 
which are in English, cover a very wide range of topic 

but they been conveniently grouped so that 
Volume 1 those concerned funda 
ionization and various types of 
and Volume 2 those dealing with 
various aspects of plasma physics. (More detailed 
information about the topics diseussed under these 


papers, by 


have 
contains with 
mental 


gas discharges, 


pre 


general headings was given in @ recent report on the 
would have been helpful to the 
the review papers, given to the plenary 

of the conference, could have distin- 
guished in some way from the more detailed papers 


conference.) It 
reader it 
Sessions been 
read to the four parallel sessions mto which the 
conference was divided for much of the time. It 
is also a pity that the often lively and informative 
discussion of the papers had to be omitted for reasons 
of space. These, are minor 
and both the editor and publishers are to be con 
gratulated on providing such a very well-produced 
record of this important and extremely well-organized 
All those with an interest im this field 


however, cniticisms, 


conference. 
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of work will wish to have ready access to these 
volumes in their departmental library, even if the 
inevitably high price precludes them from owning 
their own personal copies J. DutTTon 


Vature, 184, 1353 (1959). 


‘ Putton, J., Harcombe, D., and Jones, E 


Determination of the Mechanical and Technological 
Properties of Metals 

By B. M. Gliner. Translated from the Russian. 

2nd edition. Translation Editor: E. Bishop. Pp 

ix +160. (London and New York: Pergamon 

Press, 1960.) 50s. net. 

ry HIS a useful résumé of 
| mechanical! methods. On the 

tion that it contains a reasonably modern exposition 

is given in the translated preface) of the 


Russian 
assump- 


book gives 


testing 


(no date 
varied te ehnique 8S, i reveals no startling divergences 
from Western practice, although there are two 
unusual features that are mentioned 

One of these features is the use of rng and split 
for testing under short-time trans 
and transverse 


ring test pieces, 


tension, at room temperature, 


verse 
creep tension, at ele vated temperature, respective ly. 
It is not made clear such 

t pieces are used, or what information, other than 
an empirical guide to design, is gained from thy 


why, or on what scale, 


Tests. 

The other unusual feature 
pyramid indentor for mucro hardness 
is difficult to see what particular advantage 1s gained 
form of indentor, than to average 
out directionality effeets in the mate rial 

\ statement is made (on page 14) that load measure 
means of a 

This certamly 
manufacturers unless 
machine con 


is the use of a triangular 
testing It 


by this other 


ment is most accurately achieved by 
mechanism will 


by Western 


om Russian 


pendulum lever 


be questioned 
it sken as 
tho is 


reflexion 
struct;on 


There are one or found ; 


two minor errors to be 


incorrect 
were less literal then the book 
For example, on p. 16, 
read than “trolley”, on 
would be better than and 
be better than “Type 1°, and 
shaft 
TWEEDDALE 


for example, Fig. 

If the translation 
easier to read 
better 


would he 


jockey’ would 


“drum box”, 
L-section would 
on p. 03, “disk 


preferable to 
James G 


Practical Heredity with Drosophila 

By Dr. Gordon Haskell. Pp. xii } 124. (Edinburgh 

and London: Oliver and Boyd, Ltd., 1961.) 10s. 6d 

not. 

that this useful little book has not 
been written before Elementary practical gone 

tics is studied in many schools and colleges, and, 


T is surprising 


because of inexperience of the manipulators, many 
breeding errors oceur which could have been avoided. 
Haskell book ides valuable hmts on the moans 
of obtaining and rearing pure stocks of Drosophila, 
the apparatus required to do this and the right ways 
to use it, the selection of suitable mutants to demon- 
strate genetic prin iples, statistical tests for evalua 
tion, the eytology of Drosophila and an introduction 
to biometrical Many workers using 
Drosophila who have tried in vain to mate already 


investigation. 


pregnant females will be glad of all the practical 
help which Haskell has compressed into quite a 


short space. T. H. HAWKINS 
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SEASONAL VARIATION AND AGE OF RADIOACTIVE FALL-OUT 


By R. P. PARKER and J. O. CROOKALL 


Physics Department, Institute of Cancer Research, Royal Cancer Hospital, 
Fulham Road, London, S.W.3 


NUMBER ‘ \ 1 ‘ ’ 1s ench tests had uly 3 

i of the Lor ‘ uve “ i ain”, yields 
seasonal arnition itration i ree ontribution to the 
{ he stratospheric reservoir Wo 


fall-out tern i 


for 19602 which 


he early 


it material, and: re recent Peirson 


fission 
toget 
stronmtitim 
during thi 
samp s of dus 
fice 
precipitator 
Sutton, Surre 
‘ ns of 
principal rig fission 


12 


In addit 


a 
Bi 


have 


bervilium 

teraction of co 
spheric nitrog 
The situation 


Brewer-Dobson model of atmosphe ri ecnulation 


On the latter thesis the cold air which rn above 
the Pole during the late winter sinks im 
rato au and ated 


the spring, 
thus bringmyg down 
fission debris More recently Feely and Spar’ Juive 
postulated that the movernment of fission ce bris trot 

stratosphere the troposphere primarily 
of turbulent mixmg in the region 


the 
occurs by a process 
of the troposphere gap 

In the it has ben mn cli the ult to assess the rela 
to the periodic 


tive 


importance of these views owing 
myection of fre h nuclear debris into the atmosphere 


For example, Anderson et al.2 have shown that while 


the fall-out 
Martell’s sugyestion, it could not be taken to exclude 
a seasonal variation of the ty pe Sligrente dl by Stewart. 
The spring of 1960 presented the first opportunity of 
studving this variation virtually free from the effect 
The tropospheric fall-out from the 


pattern for 1959 was consistent with 


ot recent tests 


4 
transitory effect im 
» small to produce a Pr 
total activity mm the 
alres lv re ported ‘ 
} t 
autumn. It has been suggested by Martell‘ that the of fall 
1 
material mirectedd mto the at mospl bv test the content oft irface air y> to Tie Lilie 
previous autunu hile Stewart ef have iggrested which show im the spring We prosent 
an explanation on meteorologi rounels tow here measurements of the principal omitting 
| 
3 
i 
te 
{ 
} r ae 
samples ar eer 144 
125. as expected for a pr 24 
‘ months after fissior 
wy to the photo-peaks in the > Spee oe 
trum which may be aseribed to the 
s----4 above roe lick the identity ot 
4 ‘ t which has been corroborated by 
} energy of MeV. We pre 
viously hown’®. on the basis of 
chemical and physical evidence, 
] that thi Is Im part due to 53-day “3 
M J 4 \ Ml \ Ml \ s N mic ravs with atmo 
n and oxvgen nucle. 
is now further com 
EMITTING Fisston Pt In FACH Alt 
Mea Per 1 
late of collection ar $4 Ce-144 
1.60 1-7 $4 
18.3.60 : is $4 
15.60 17 6 ) 3 
14.7.60 15 J 4 
11.10.60 13 1-0 2-4 
0.11.60 2-3 0-4 1-0 2-8 
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n prod 


Harcdtack 

b\ ere 

th y™ r cont 
higher u 


102 phot 


a9 Me\ 
ir is 
and, if we 


in ‘Tabl 


months, 


en 
piven 


calendar 


J itv 


the stromtitim 


for 


October the valu 
oO econmcentrations ut Tain are a close 
exponential curve of half 


vhich ! 
ilts ar 


to wan 
period 40 


to 


remarkably 

1959 The 
1960) is 
This agreement with 


1955-58 


days. 
ratio 


oom 1 and minimum in 


proximate! l 
strontium-90 im rain during 
poleward transter ot 


tracer in certam of the 


with the finding that the 
liberated as a 
the equator, 18 


that our 


tests moar seasonal 
results may 


the B 
the Martell 


woul therefore Appear 
meteorological Terns by 
Feely since 
thesis is not applicable im L960 

the age of the 
from the 
various nuclide 


The 


explained in 


Dobson or Spar models, 


collected 


proport ions 


Information on debris 


Trhaby be obtained relative 
ot the 


sample 


activities present our 
both 144 and 
137 is relatively independent of the type 
process Table 3), therefore the 
activities of these 
method of determining age 
The 
such as 
for accurate 


vield of cermim 


of fission and 


nuclides 


ratios of the specii 


provide suitable 
at the present Time. 
half-life, 


coneentrations of nuclides 
and 
Measure 


shorter strontium-S9 


zirconim-95, are too low 


ment 
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Th witsa available mformation on 


egaton explosion these are indicated 
The above calculation 


itroms, 


by arrows at the top of Fig. 
is based on the fission vir ld for 14-Me\ he 
and in the unlikely event of all the yield being due 
to the fission of uranmium-255 by fission neutrons 
the mean date of orizm would he approximatels 
four months Thu 
material collected at our site during 1960 probably 
the American and British equatorial 


irlier the majority of fall-out 


origunates from 
tests of 
The antimonv-125 cesium-137 and rhodium- 106 
cosiun-137 ratios had experimental values 
1960) of approximately 0-6 and 1-9 respectively. 
These are commensurate with an age of 3-4 vears if 
14-MeV. fission vields are used. However, the yield 
of both 125 and rhodium-106 is very 
sensitive to the type of fission process, as shown by 
Table 3. Thus the discrepancy may be explained 
if. in addition to the 14-MeV. fission of uranium 
238. othe fission proces: are olved 

We the guidance and en 
couragement of Mayneord and Dr. W. 


antimony 


acknowledge 


Prof. W. V. 


wish 10 


| 6 | saz | 
ae nlieated by the presence of 210-day rhodium-102 3 
recentiv reported to have boo las a tracer in 
G2 ne ay . Wa ! a 
\ Fable 3) the average age for unple J 
} t} oan Of these estimated 
» weak for it to be in 
t 
nour samples. We are therefore carry — 
ing out further work to determine the 
Qur measurement on the specific 
concentrations of rhodium-106, anti 
mony-125, ewsium-137 and cerium-144 
eorrected for doc she - 
deeay to th ime of t 
Its are plotted in Fig. 1, together . 
= vith thee trontiunm-90 concentrations — 
resuits Is 1 promo ad rine to 
maximum in Mav. with a fall during 
thy unmer months to low 
Fig 
2 
= 
my 


576 


Anderson during this work We also wish to thank 


Mr. R. W. Kent and Mr. D. Smith for their holp m 
connexion with the electrostatic precipitator, and 
Mrs. A. Perry for assistance in the chemical analyses 


Stewart, N. (ismond, R. G. D., Cr R.N and Fish 
t liarw 


NATURE 


AN UNSTABLE INTERMEDIATE CARRYING INFORMATION FROM 
GENES TO RIBOSOMES FOR PROTEIN SYNTHESIS 


By Da. S. BRENNER 
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L. K Nature, 187, 550 (1966 
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Medical Research Council Unit for Molecular Biology, Cavendish Laboratory, 


University of Cambridge 
JACOB 
Institut Pasteur, 


AND 


Dr. M. MESELSON 


Paris 


Gates and Crellin Laboratories of Chemistry, California Institute of Technology, 


ARG! nt of evidence suggests that genetic 


amou 


information for protem structure is encoded 
in deoxvribonnuelei« acid (DNA) while the actual 
assembling of amino-acids proteims occurs in 
cytoplasnuc ribonucleoprotein partie les called ribo 
sore The fact that proteins are not synthesized 


prem demands the existence of an 


intermediate information carrier 


directly on 
This intermediate 


template generally assumed to be a stable ribo 
nucleic acid (RNA) and more specifically the RNA 
of the ribosomes According to the present view, 
each gene controls the synthesis of one kind of 
specialized ribosome, which in turn directs the 
synthesis of the corresponding protein—a_ scheme 
which could be epitomized as the one gene—one 
ribosome one protein hypothesis. In the past few 
years, however, this model has encountered some 
difficulties: (1) The remarkable homogeneity in 


size? and nucleotide composition? of the ribosomal 
RNA reflects neither the range of size of polypeptide 
chains nor the variation in the nucleotide con position 
observed in the DNA of different bacterial species: 
(2) The capacity of bacteria to synthesize a given 
protein does not seem to survive beyond the integrity 
of the corresponding 
protein synthesis in bacteria seems to operate at the 
level of the synthesis of the information intermediate 
by the gene rather than at the level of the synthesis 
of the protein 

These results are searcely compatible with the 
existence of stable RNA intermediates acting as 
templates for protein synthesis. The paradox, 
however, can be resolved by the hypothesis, put 
forward by Jacob and Monod®*, that the ribosomal 


Pasadena, California 


gene* (3 feguiation of 


RNA is not the intermediate carrier of information 
from gene to protein, but rather that 
are NOM-Spec ialized structures which receive genetic 
the in the form of an 
intermediate or We present 


ribosomes 


from gene 


messenger . 


information 


unstable 


here the results of experiments on phage-infected 
bacteria which give direct support to this hypo 
thesis. 


When growing bacteria are infected with a virulent 
bacteriophage such as 72, synthesis of DNA stops 
immediately, to resume 7 min. later*, while protem 
rate’, After 
longer 
protem is 


large 


synthesis continues at a constant 


infeetion many bacterial enzymes are no 
produced? ; ith all likelihood, the new 
genetically determined by the phag: A 
number of new enzymatic activities appears m the 
infected cell during the first few minutes following 
infection®, and from the tenth 
some 60 per cent of the protein synthesized can be 
accounted for by the proteins of the phage coat’, 
Surprisingly enough, protein synthesis after infection 


minute onwards 


is not accompanied, as in growing cells, by a net 
synthesis of RNA'’. Using labelling, 
however, Volkin and Astrachan"! able to 
demonstrate high turnover in a minor RNA fraction 
after phage infection. Most remarkable is the fact 
that this RNA fraction has an apparent nucleotide 
composition which corresponds to that of the DNA 
of the phage and is markedly different from that 
of the host RNA™. Recently, it has been shown 
that the bulk of this RNA is associated with the 
ribosomes of the infected cell'. 

Phage-infected bacteria therefore provide a situ- 
ation in which the synthesis of protein is suddenly 


isotopic 


were 


2 
Defence Atomic Support Agency, Rep, DASA-552 B, Washington 
! 
Nat. Bur. Stand. Nuclear Data Sheet 
And n, W.. B R. Burton, L. K., ¢ kall, J. Crooks. R. N.. Osmond. R. G. D., Owers. M. J., and Fisher, E. M. R., 
(ir tor Nature, 186. 9 Atomic Ry h Est 14 (10590 
Peirson, D. H., ¢ R. Fisher, E. M. R., Ato Ener 
ar Est ! t, Harw “ Waltor 
Set 
* Marte KE. A 129. 110 
Brewer, A. W., Quart. J. Roy. Met 75, 351 (194 Harw = 
H.W vl Spar, J., Nat 188 ' “ Tests, 3. 2523 (A959 
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RIBOSOME 


PROTEIN 


NATURE 


infected Cell 


ONA 


inhibited 


Three models of inf 


switched from bacterial to phage control and 
proceeds without the concomitant synthesis of stable 
RNA. A priori, three types of hypothesis may be 
considered to account for the known facts of phage 
Model I is the elassical 


protein synthesis (Fig. 1). 
he bacterial machinery is 


model. After the 
«witched off, and new ribosomes are then synthesized 
The ad hoc hypothesis has to 
be added that these ribosomes are unstable, to 
account for the turnover of RNA after phage 
infeetion. This is, in fact, the model favoured by 
Nomura etal.‘2.. Model IT assumes that in the particu- 
lar case of phage the proteins are assembled directly 
on the DNA; the new RNA is a special molecule 
which enters old and destroys their 
capacity for proteim synthesis. At the same time, 
synthesis of ribosomes is switched off. Model LI 
implies that a special type of RNA molecule, or 
messenger RNA’, exists which brings genetie infor- 
mation from genes to non-specialized 
and that the consequences of phage infection 
two-fold: (a) to switch off the synthesis of new 
ribosomes ; (b) to substitute phage messenger RNA 
for bacterial messenger RNA. This substitution can 
oecur quickly only if messenger RNA is unstable ; 


infeetion 


by the phage genes. 


ribosomes 


SOMES 


are 


matio 


n transfer 

the RNA made after phage infection does turn over 
and appears, therefore, as a good candidate for the 
mossenger. 

It is possible to distinguish experimentally between 
these three models in the following way: Bacteria 
are grown in heavy isotopes so that all cell con 
stituents are uniformly labelled ‘heavy’. They ar 
infected with phage and transferred immediately 
to a medium light that all 
constituents synthesized after infection are ‘light’ 
The distribution RNA protein, 
labelled with radioactive tsotopes, 18 then followed 
centrifugation'* of purified 


BO 


containing ISOLOPes 


of new and new 


by density gradient 
ribosomes. 

Density gradient centrifugation was carried out 
in a preparative centrifuge, and the ribosomes were 
stabilized by including magnesium act (0: 01- 
0-06 47) in the exsiurn chloride solution. Ribosomes 
show two bands, a heavier 4A band and a 
B band, the relative proportions which, 
a given preparation, depend the 
concentration The lower the 
concentration, the smaller the proportion of B band 
ribosomes and the larger the proportion of A band 


tate 


lighter 
for 


Thnagnesiunmi 


of 
on 


used. magnesium 


ribosomes. 
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he ribosomes 


ponents and then 
ociate the sub-units 
“i in distributing 


enough, 


in the original ribosomes 
© proportion of the B band 
bands contain units which 


wiation and dissocnt 


E 
= 


Distributi 
4 600 mil 

in nd uracil) was infected with 
ribosomes during preparation and density gradient > uracil (10 me./mM) from third t 
f the culture Was removes 
he other half received 
ribosomes extracted from a ixture of ™°N'4C and i or a further 16 min, ar 
IN??C bacteria The results are shown in Fig. 2 


er ent f r. a 1 boride 


+ to show that Tre 1 no aygyregation of 


eontrifugation an experument was carried out on 


TT t can be seen that ribosomes of different i 5 M magnesium Alterna t 

from which n seen tl 08 diff absorption 

to 0-5 mil. of frozen o per ce chloroacetic acid. Thess 

there are no inte rmediate « lasses The same pre ibes were thawed, 1 1 1 fs lbumin added, and the 

itates separated and washed by filtration on membrane 
filters for assay of radioactivit es 


isotopic compositions band independent ly and that 


paration was then dialvsed against low magnesium 


\ 
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into their components in the density gradient. 
Other experiments to be reported elsewhere suggest 
that the 4A band is composed of free 50 S and 30 N 
ribosomes and that the B band contains undissociated 
70S particles 

The bulk of the RNA synthesized after infection Is 
found in the ribosome fraction, provided that the 
extraction is carried out in O-OL MW magnesium 
ions!?. We have confirmed this finding and have stud 
ied the distribution of the new RNA among the ribo 
somal units found in the density gradient. Fig. 4 
shows that this RNA, labelled with 'C uracil, bands 
in the same Position as B band ribosomes. There is 
no peak corresponding to the 4 band In addition, 
there is radioactivity at the bottom of the cell. 
This is free RNA as its density is greater than 1-8, 
and, moreover, it must have a high 
molecular weight to have sedimented in the gradient. 
concentration in the 


reasonably 


Lowering of the magnesium 
gradient, or dialysing the particles against low 
magnesium, produces a decrease of the B band and 
an increase of the A band. At the same time, the 
radioactive RNA leaves the B band to appear at the 
bottom of the gradient. This shows that the uracil 
has labelled a species of RNA distinct from that of 
the bulk of B band ribosomes, since the specific 
activity of the RNA at the bottom of the cell is 
much higher than that of the B band. Fig. 5 shows 
that this RNA turns over during phage growth 
There is a decrease by a factor of four in the specific 
activitv of the B band after 16 min. of growth in 
Similar have obtained 
i label. 

results do not 


uridine. results been 
using as 
These dist inguish 


messenger fraction and a small proportion of new 


between a 
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Fig. ¢ RNA after isotope transfer in phage-infected cells E 
coli B grown in 10 ml. of "N (09 per cent) and “C (60 per cent) 
algal hydrolysate medium were starved in buffer, infected with 
74 and growth initiated by addition of glucose and dephosphoryl- 
ated broth ('N#’C) PO, was fed from the second to seventh 
min. after infection The culture was mixed with a fifty-fold 
excess of FE. coli B grown in nutrient broth, infected in buffer and 
then grown for 7 min. in dephosphorylated broth medium 
1 mgm. of purified ribosomes was centrifuged for 36 hr. at 37,000 
m. in ewsium chloride containing 0-03 M magnesium acetate 


Ultra-violet absorption ( jetects the "*N'C*'P carrier, radio 

activity (@) detects the new RNA in the heavy cells transferred 
to light medium 
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Figs. 7 and 8. Distribution and turnover of newly synthesized 
protein in ribosomes of phage-infected cells after transfer. 4 
coli B grown in 600 mil. of a salt glucose medium containing 
“MNH,Cl (99 per cent) were starved in buffer, infected with 74 
and transferred to “NH,Cl medium. *SO, was fed for the 
tirst 2 min. of infection and one half of the culture removed 
(Fig. 7) The other halt received an excess of “SO, and *S 
methionine and growth was continued for a further 8 min. (Fig. 5) 
1 mgm. of purified ribosomes was centrifuged for 39 hr. at 37,000 
r.p.m. in cw#sium chloride containing 0-05 M magnesium acetate. 
Drops were assayed for ultra-violet absorption (©) and for radio- 
wtivity (@) The arrows mark the expected positions for the 
peaks of "*N A and B bands. The radioactivity at the top of 

the gradient is contaminating protein 


ribosomes which are fragile in cw#sium chloride and 
which are also metabolically unstable. In order to 
make the distinction, the experiment was carried 
out with an isotope transfer, in the following manner ; 
Cells grown in a small volume of *N'#3C medium 
were infected with 7’ 4, transferred to medium 
and fed **PO, from the second to the seventh minute. 
They were mixed with a fifty-fold excess of cells 
grown and infected in “N"’C8!P medium. Fig. 6 
shows that the RNA formed after infection in the 
heavy cells has a density greater than that of the 
B band of the carrier. Its peak corresponds exactly 
with the density of the B band of '°N'C ribosomes 
(Fig. 2) although it is skewed to lighter density, 
and its response to changing the magnesium con- 
centration was that of a B band. There is no radio 
active peak corresponding to the B band of the 
this means that no wholly new ribosomes 
are synthesized after phage infection. As already 
shown, the new RNA does not represent random 
labelling of B band ribosomes; therefore it con- 
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periment was cal 
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which is added to pre-oxisting 
the material of hich | prevent 
ection. This result conclusively 


ween model: J] and Ill an 


med out to wo whether pre 


ny ribosome participate im protem synthe 
fter phage infection Cells were grown tn N 
nedium, infected with phage, transferred to "tN 
and fed SO), tor the first 2 min, oft phage 


vrowth big how 


my mes tt 


that only the B band of pre 


weomes labelled with S and 


there is no peak corresponding to a IN 2B band 
All this label can be removed by growth in non 


radioactive sulphate 
this experiment, the 


apd methionine (Fig. 8 In 
» Incorporation of S into the 


total extract was measured and the amount in the 


B band found to e 
nthesis. This is | 


rre spond to 10 of protein 


robably an over-estimate since 


it inlikely that pool equi bration wa attamed 
instantaneously This value corresponds quite 
closely with the ribosome gre time of 5 7 sec 

for the nascent protein in uninfected cells In 
addition, eleetrophore of chymotrypsin digests 


oft B band ribo ore 


shows that the radioactivity, 


already contained in a variety of peptides It 
would therefore appear that most, if not all, protem 
svnthesi m the infected cell occurs mm ribosomes 
"The experiment also shows that pre-existing ribo 
one are uw for svnthesis and that no new 
ribosorrte stable sulphur are 


thesized This re il 


t effectively eliminates model Il 


We may summarize our findings as follows 


1) After phage infe 
detected (2) A ne 
irnover swwnthes 


RNA, which has a 
to that of the phage 


ribosomes, from which 1 


cesium chloride gra 
concent ration (3) 
synthesis in the inf 
ribosomes 

These conclusions 
[11 (Fig. 1), which 
occurs by a similar 
This, indeed, appea 


minfeeted cells to 


mo ribosomes ean be 
! 


w RNA with a reli 


zed after phage infection 


atively rapid 


hase compos tron eorre spon 
» DNA, is added to pre-existing 
t can be detached in a 
lient by lowering the magnesium 
Most, and perhaps all, protem 


ected cell oceurs ting 


are compat ible only with model 
implies that protein synthesis 
mechanism in uninfected cells 
rs to be the case exposure of 


a 10-se« pulse ot re ilts 


in labelling of the RNA in the B band and not in 


t he 1 band of ribs 


detached from the 
centration of magne 
protein can be labs 
it is located in the 
remove | by growt 
In contrast to what 
residual stable radi 
reflecting the synth 

In order to act 
mifiormation from ge 


hie to fulfil certam 


somes. and this RNA ean be 


ribosomes by lowering the con 


sium Similarly the nascent 


lled by a short pulse of *SQO, ; 
B band and most of the label ts 
h in non-radioactive sulphate 
was observed in infeeted cells, 
mactivityVv 1s found in both band 
esis of new ribosomes 

as an intermediate carnmer of 
nes to ribosomes, the messenger 


prerequisites of size, turnover 


and mut leoticde composition In the accompanying 


article, Gros et al." 
pulse labelled RNA 
shown that in un 
fraction which has 


become attache d reve 


on the magnesium 
specific RNA shows 


physi illy similar, 


have analysed the distribution of 
in sucrose gradients They have 


nfected cells there is an RNA 


a rapid turnover and which can 


ibly to ribosomes depending 


concentration The 72 phage 
the same behaviour and both are 
with sedimentation constants of 


14-16 S. We have carried out sinlar experiments 

independently and our results confirm their findings 
These suggest that, although the messenger RNA 
is a minor fraction of the total RNA (not more than 


# per cont), it is not un formly distribute Ll over all 
ribosomes, and may be large enough to code for long 
polypeptide chains When ribosomes, from phage 
nfected cells labelled with “PO, for five min., at 
separated by centrifugation im @ sucrose density 
vradient'* containing M most of the 
messenger is found in 70 and 100 SN ribosomes, con 
trary to previous reports'®. When the magnesium 
eoncent ration lowered, the radioactivitV Is found 
in three peaks of roughly equal amount : 1) corre 
sponding to a small residual number of 70 S ribo 
somes ; (2) corresponding to 30.8 1 bosomes 3) a 
peak of very high specific activity at 12.8. Separation 
of the RNA extracted from such ribosomes with 
detergent shows all the counts to be located im a 
peak at 12 4, skewed towards the heavier side 
hese results suggest that the messenger is hetero 


geneous in size and may have a mininvim molecular 
weight of about | to 4 million Simular results ha 


been obtamed in uninfeeted cells 


rhe undissociable 70 S ribosomes are enriched for 
messenger RNA over the total ribosomes of this typ. 
and it has been shown that they aré also enriched 
for the naseent protem!’ These ribosomes have 
heen called “‘aetive 70 ribosomes, by Tissieres 
et al’, and they appear to be the only ribosomes 
which preserve the ability to synthesize protein 
’ t This leads one to suspect that there is 
eries of successive events nvolved ou protein 
sevnthesis. and that at any time we investigate a 
Term poral cross-section of the proce 

lhe exact determination of the rate of turnover 
of the messenger RNA should give information 
about the process of protem syiit ness This might 
he stoichiometric, in the sense that each messenger 
molecule funetions only once im information transfer 
hefore it is destroyed Its rate of turnover should 
then be the same as that of the nascent protein ; 
but experiments to test this idea have been limited 
by difficulties in pool equilibration with nucle tide 
precursors 

It In a prediction of the hypothesis that the 
messenger RNA should be a simple copy of the gene, 


and its nucleotide composition should therefore 
correspond to that of the DNA This appears to be 
the Cust im phage infected cells and recent ly 


Yeas and Vincent?! have found a rapidly lahe lled 
RNA fraction with this property in veast cells. If 
this turns out to be universally true interest mg 
implications for coding mechanisn will be raised 

One last point deserves emphasis Although the 
details of the mechanism of information transfer 
by messenger are mot clear, the experments with 


phage-infecte | cells show unequivo ‘ally that informa 


tion for protein avnthesis cannot be encoded in the 


chemical sequence of the ribosomal RNA Ribosomes 
are non specialized struetures which synthesize, at a 
given time, the protein dietated by the messenger 
they happen to contain. The function of the ribo 
somal RNA in this process is unknown and there 
are also no restrictions on its origin m the cell 
it may be synthesized bv nuclear genes or by 
enzymes or it may be endowed with self-replicating 
ability. 

This work was initiated while two of us (S. B. and 
F. J.) were guest investigators in the Division of 


“9 
a traction 
ribosomes the 
per? 
oluninates model 
To distinguish be 
x 
~ 
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UNSTABLE RIBONUCLEIC ACID REVEALED BY PULSE LABELLING 
OF ESCHERICHIA COLI 


By Drs. FRANCOIS GROS and H. HIATT 
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es Dr. WALTER GILBERT 
ee Departments of Physics, Harvard University 
AND 
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During these vears, evidence’ accumulated that 


owe Escherichia coli cells are infected with 7 
iy even bac teriophage particles, svnthesis of host 
stops’, much if 
ine 


proteins and not all protein 
This system thus pro 
model for observing the 
new the introduction of 
DNA. In particular, we should expect the appearance 
of phage-specific RNA, since it is generally assumed 


that DNA is not a direct template for protein syn 


new 
svnthesis is phage spe 


vides an ideal synthesis of 


proteins following specific 


thesis but that its genetic mformation is transmitted 
to a specific sequence of bases in RNA. It was thus 
considered paradoxical when it was first noticed ® that, 
following infection by the 7 even phages, net RNA 
synthesis stops even though protein synthesis con- 


the sites of much, if not all, protein synthesis are the 
ribosomal particles, and Tt was thought most likely 
that ribosomal RNA was genetically specific, with 
each ribosome possessing a base which 
coded for a specific amino-acid sequence (one ribo- 
protein Direct verification 
of this hypothesis was lacking, and its proponents* 
were troubled by the fact that, except for phage- 
RNA, it impossible to 
correlation within a given organism the 
base ratios of DNA and RNA. Moreover, there was 
no evidence that phage-specific RNA was ribosomal 


RNA 


sequence 


some one hv pothesis). 


specific Was find 


bet ween 


any 


tinues at the rate of the uninfected bacterium. This Nomura, Hall and Spiegelman® have recently 
could mean that DNA sometimes serves as a direct discovered that following T2 infection there is 


Alternatively, net 
KNA synthesis may not be necessary so long as there 
exists the synthesis ota genetically specific RNA 
that turns over rapidly. This possibility was first 
suggested by experiments of Hershey’, who, in 1953, 


template for protein synthesis 


reported that 7'2 infected cells contain a metabolically 
active RNA fraction comprising about | per cent of 


no synthesis of typical (see below) ribosomal RNA 
and that the phage-specific RNA sediments at a 
slower rate (Ss) than ribosomal RNA (168 and 23s). 
The genetic information for the synthesis of phage 
specitie proteins does not reside in the usual ribosomal 
RNA. Instead, if we assume that the synthesis of 
phage-specifie proteins also occurs on ribosomes, then 


the total RNA. Several years later, Volkin and the phage-specifie RNA might be viewed as a ‘messen- 
Astrachan® reported that this metabolic RNA ger’ (to use the terminology of Monod and Jacob'®) 
possessed base ratios similar, if not identical (con- which earries the genetic information to the ribo- 
sidering uracil formally equivalent to thymine), somes. Furthermore, unless we postulate that there 
to those of the infecting 72 DNA. By 1958 they® — exist two different mechanisms for protein synthesis, 
extended their observation to 77 infected cells. there should also exist within uninfected normal cells 
where again the RNA synthesized after phage RNA molecules physically similar to the phage- 


infection had base ratios similar to those of the phage 


DNA. 


specific RNA and having base ratios similar to its 
specific DNA. 


| 
| 
2 
y 
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Here w ence that RNA molecules 
physically lar to phage-specifice RNA exist in 
normal #. col ells and that. under suitable ionic 
condtt tomes, t are iated with ribosomal 
particles 
vental plan Most (SO-85 per cont) RNA in 


crowing Escherichia coli cells is 


Experi) 
tively 
ribosomal parti les compos “l of 64 per cent 


found in 
RNA 
and 36 per cent proteim There are two sizes™ of 
ribosomal RNA, 16s (molecular weight 55 =x «105 
and 23s (molecular weight l-l The 
RNA 
while 23s RNA is only found in 50s ribosomes The 

| form of RNA in 
\ (now more appropriately 


S derived from both 30s and 50s ribosomes, 


er cent 


other principal (10-15 
E. coli is soluble RB 

called transfer RNA), whi h funetions in the move 
ment of activated amino-acids to the ribosomes. At 


least 20 (one for each amino-acid) different transfer 
RNA molecules exist’, all of which have molecular 
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weights about 25.000 and sedimentation constants 
of 4e. 

Collectively, ribosomal and transfer RNA comprise 
at least 95 per cent of BE. coli RNA 
RNA, if present, can amount to at most only several 
per cent of the total RNA. Now if the messenger were 
stable, only a corresponding fraction of newly 
RNA could be messenger RNA; the 
great majority of new RNA being the metabolically 
stable ribosomal and transfer RN A’s if, however, 
messenger RNA is turning over (as is suggested by 
the original Hershey OX periments) then am ich larger 
fraction of newly made RNA must be messenger. 
For example, if the messenger functions only once 


Thus messenger 


synthesized 


for the synthesis of a single protein molecule, its 
lifetime might be only several seconds. In this 
event, if we look at the RNA synthesis occurring 
during a very short interval, then rnost of the newly 
svnthesized RNA would be messenger even though 
this fraction may comprise only | per cent of the total 


RNA 


| 
CPM AFTER RNAse 
— 


Sediment ni i110 
extract in 10* Mg ected with 7 
and labelled with ph betweer 
minutes after infection mas in Fig. | 
treated with ribonuclease (10 y c.c.) to ar 
filabel not in RNA 


AFTER RNAse 
10 

be number 


Fig. 4 extract, long run. 


An extract as in Fig. 3 i} at 24,000 F.p.n 


Sedimentatio 


= 
50S 
400 4 r 600 
= ‘ = i 
0.0 
: 
> e fF 200 
| 
} 
} 
Lube number 
Sedimentat pul ed 10-* extract. 1 ml 
f a crud <tract labelled 1 pulse “C-u 1 and 
made in 10° Mg and « 10°* trie buffer (pH 4) was 
vret ! i on top of a 24-ml. sucrose gradient 20 per bie 
cent) in a Spit SW25 swinging-bucket tube. It was spur 
45 min. at ooo r m.at4 ¢ The tube bottom was then ~) Toe 
punctured a sar taken to measure 2600 A. absory 
thor troy and t ra vet tv in 5 per nt trichl rac ti 
: acid precipitates (8 drops). All points were counted to at least ° Ror 
400 ‘ { 
d 
L x0 > 39S 
a 
20 ‘ 3 
eee : bd 500 - 
J / 
4 =| 
5 \ \ 100 
\ | 10 20 30 
e | 
\ Tube number 
‘ * Me extract An a 
the second and fifth 
veral samples were 
I number ine the background 
Fi nentation of pulse-labelled Mg** extract 
run. Ao extract as in Fig. 1 ran for 11 he. at 25,000 r.p.m., 15° €., a 
ma sucrose gradient. Droy lection and radioactivity measul 
ments were made as descr lin Fig ° 
soo 
= 160 ™~ : 
= 
> 0-050 | 
fi 
| ° . 
M i is in Pig 
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We have therefore exposed EF. coli cells to short 

where the time of genera- 
radioactive RNA precursors 
chilled tho cells with 


pulses (10-20 sec. at 25° 
tion is about 90 min.) ot 
(2P or ™C-uracil), rapidly 
crushed iee and 47/100 azid prepared cell-free 
extracts by alumina grinding, added deoxyribo- 
nuclease at nil and xamined the newly made 
RNA centrifugation 
technique. In i4C-uracil was 
to cells of a pyrimidine-requiring mutant 
starved (30 mun. at 25° 


using the sucrose gradient 


some experiments 
given 
for uracil 
propertios of 


which was briefly 
No differen «oe has been seen between the 
RNA labelled in these two ways. 
incorporate more radioactivity, and 
of the experiments rted 


Starved cells 
the 
below 

Results. Radioactive uracil (or phosphor is-3 
incorporated in RNA within several seconds atter 
The RNA labelled by 10-20 
im «e ll-free extracts where 
phosphors lase are 


were used in most 


2) 18 


addition of the isotope 
Rec. Pp ilses is stable at 4° C 


orn lease and polynucleotide 


sos 


WU Mg was purified by t lh 
n 10-* M Mg > VW tris 
suspended pellet was run as for 


1 a sucrose 


45 min. The 


NATURE 


and radioactivity 


(ly/ml.) of ribonuclease degrade 
conditions where RNA in 
Chis suggests that it exists less protected 
RNA. Similarly, addition 
the polynucleotide phos- 
extract to degrade preferenti 


not active. Traces 


it under ribosomes 18 
unto it hed 
than 
ot phosphate permits 


bound ribosonnel 


+} 


phorylase! in the coll 
ally pulse-labelled RNA. 


of routine avoid the use 


experiments thus as 
of phosphate 
buffers 

Figs. 1 and 2 show how RNA labelled by a 20-see 
uniniected eells to MC 


The cell-free extract contains 


exposure oft iracil sodliments 


in a sucrose gradient 
10 * magnesium in Which 
majority of the radioactiv- 


308 and 50s ribo 
predomu wate 
ity is not assot iated with ribosomes but moves with 
a 14-16s peak. There is also RNA 
in addition,to a faster for vard fraction 
e slower sedimenting fraction 
in the longer centrifugation 


which moves 


more slowly, 
moving at 70s Th 
sho vs up more clearly 
shown in Fig. 2 Hore a 
together with maternal 
83 and 4 illustrate experiments 
exposed to phosphorus-32 from 
They are not 


component is 
4-Ss. 


harp 14 
sedimenting at 


with extracts 


seen 
Figs 
from 7'2 infected ce! 
2 to 5 min. after fection 
identical, to Figs and 2 
14. component, anc 
about 10 per ¢ ent of the m terial moving at 70s The 
can be purified by three l-hr. centri- 
fugations at with 10-4 J magnesium 
ions to concentrate the faster-moving ribosomes of 
Fig. Fig 
largely of 50s particles together 
The radioactivity, however, 
ments as 70s ribosomes. 

Still more label is att whed to 70s particles when 
extracts are made in 10-7 17 magnesium tons or when 
additional magnesium added to 10-4 M 
6 and 7 trate the parallel 
normal and phage infected extracts 
of label sediments with the 70s 
activity of 
1008 


have major 


trailing fraction, 
70s co onent 
p.m 


y sho Vs the purified ribo oOrmes consisting 
vith a now visible 


70s component sedi 


ions ar 
extracts. Figs 
appearance 

About 
and 100s 
70s ribosomes gener 


When 


magnesium ions are 


30 per cent 
ribosom vith the 
vreater than that of 

lower concentrations of 


speci ic 


ribosomes 
ised to give similar amounts of 


label is specifically 


and 70s 
associated only with 70s particles and no label is in 
The radioactivity sedimenting about 


ribosomes 


Oe ribosomes 


- 
- 2 OOO 
| 
Fig. 7. Sedimentation of T2-infected 10° Mz extract An 
extract in 10 Ww Mg Its infected with T2 and labelled 
ae with phosphorus-32 from the second to the fifth minutes after a 
ae infection. Run on a sucrose gradient in 10-*? M Mg** for 2 hr. ae 
min, at 25,000 Drop colkcin 
measurements as for Fig. 1 
— 
= 
Fig. 5. Pulse-labelled active 70s rib somes in 10-* An 
n 10-* centri wal 4 
sO.000 (pul 7-4 Phe re 
7088 
vA 
4 
100S j 
. 
: 
20.0 
° 
Fig. 6. Sedimentation of pulse-labelled 10-* Mg** extract in 
10? M Mg Magnesium w ed to the Mg*+ extract 
Fig. 1 to bring it to 10°* M Mg rhe sample was tl run 
cradient in M Mg x 10°* M tris, for 2 he 
treasurements were made as described for Fig. 1 


. 
- , 4s 
. 
e** 
CPM 
< * 
but 


30s shows a very broad peak (20> 40s and it is prob 

that high 
se the 14 16s 1 
a more ¢ 

Purified RNA, prepared by sodium lauryl sulphate 
ind phenol treatment of 20-see. p ilse 
extracts. sediments as shown in Fig. 8 Again the 
pattern identical to that oft labelled RNA from 
Fig. Most newly synthesized RNA 


a sedimentation constant about Ss; there is no 


concentrations of lone 


aterial ‘ it he r to aggregate or to 


iponol 


infected cella 
has 
appre iable of typical or 238 ribosom 
RNA RNA in crude extracts moves 
at 14 168, we considered the possibility that pulse 
RNA is RNA to 
degradation during the Sodium 
lauryl sulphate (0-5 
added to labelled crude extracts 
treatment’ both se i RNA 
inhibits action of the latent ribonuclease 


When such 


Since mien new 


more sensitive than ribosomal 
phenol extractions. 
alone vas therefore 
detergent 


prote im and 


per cent 


trom 


completely 
breakdow th 


release upon ribosome 


23S 
4 
ses 
- 
\ 
= E 
3 y 
~ 0-50 4 4s 
pi 


Fig. 9. Sedimentation of T2-specitic RNA. RNA of cells infected 
with T2 and labelled with phosphorus-3- between the second 


and fifth minute, prepared and run as lescribed for Fig. & 


NATURE 


May 13, 1961 ve. 


} 
at al extracts vere run im ‘mts, thie 


results were identical to thos 


RNA 


e turnover of pulse 


! ith which an excess of viel ira it after 
a pulse \tte 15 min. at 37° ¢ 

all the label in crude extracts leaves the 14- 16s 
component and is incorporated in tl tbolically 


ribosomal and soluble 
experiments, the 16s RN molecules alwa ries 
labelled before appreciable labelling of 23s RNA 


molecules: likewise the 308 ribosomes beco e labelled 
befor the 50s ribosomes Since the base ratio 
ot and chains are ick ntical ti i el t hat 
the 23s1 olecules form from two lis chains 
Lyiscussi (dur ile show thieet 
ninfected eells contam unstable RNA ith 
mentation comstants ana attachment properties 


similar to those of T2-specitie RNA It 1 
that these unstable molec iles COTLVE 


RNA 


tempting 
to beheve 


and are 


genet mformation 


Complete 


ever vi rite 


Haves. 


from Sta phuylo« eus a eus which 


do have results 
unpublished results 
ndicate an RNA component rapidly turning 


possessing DNA-like 


there Is 


over, ith 


le RNA 


rat 


base 


yeast also unsta 


reported an 


resembling DNA in base composition We thus 
believe tha our current measurements vith coli 
will extend this fact and rule out the possibility that 
pulse-RNA is preeursor sub-unit fror which 
ribosomal RNA is 

\ messenger role for pulse-RNA fits mi ly with its 


attachment to 70s ribosomes, the 
evnthesis!* 


ttachment In 


experiments reveal two 
1 RNA 


es depending 


proteim 


one. the 


Types oft 


reversibly on or off 70s riboson 


TROVES 
on the 
type of attachment binds pulse RNA irreversibly to 
These 
which do not break apart with 10 
19} 


concentration of magnesium rons The second 


are 70s ribosomes 


i 


ve shown to be the 


active’ 70s ribosomes. 


ions and which Tissiéres ef a/ 
principal, if not sole, site of in r 
Thev washed 


LOTS W ithont losing their ability 


protem ayvnthesis 
with Vv 


to act in 


ean be several times 
protein synthesis, and so they must have their genetic 
RNA firmly attached It is reassuring that thev can 
pulse-RNA At least 


the other thus 


two one 


stages 


contain 
reversible, not exist mm active 70s 
formation, 

So far as we can tell, pulse- RNA, when associated 
sediments at exactly 70s or LOOs 
that the label 
than ordinary 
hard to that the 14 16s 
which exists in 104 M 


with 70s or 


with ribosomes, 
Many 

neither 
We find it 


omponernt 


riments show sediments 
ribosomes 


RNA 


m 


faster nor slower 


believe 


100s ribosomes 

Another 
the 


con- 


ean combine 
without altering their rate of sedimentation 
possibility is that with 10°? M 
14. 16s component assumes a more 
figuration similar to that of the RNA ina 30s particle. 
It could then associate with a free 50s ribosome to 
which is transformed to an 


extracts 


DOTLS, 
compact 


form a 70s ribosome 


active 70s ribosome. 
In conelusion. we state our findings: bacteria con 


tain an RNA component turning over rapidly which 


x 
$s *. RNA 
. } ner 
6-100 
Fie. 8. Sedis ut labelled RNA. An exter hage-specific RNA, how 
time with | KNA pits RNA are those of IDNA Unfortunately. mm 
H The RNA na suct ntaining E. coli, the DNA base ratios do not differ in 
cetat pu und M wit from ribosomal RNA, and as vet the base ol 
made for } RNA are not pr ‘ it 2 
aes 
Tube number 
e 
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Iv dustinet trom ribosomal or oluble 


RNA. ‘This fra 


constants and its 


im its range of 


Lo 


tion behaves, 
tation attach 
in high magnesium ton concentrations, 


RNA 


associated 


made after 


with 


p 


as does the phage 


tion Furthermore, it is 


active 70s ribosories, he site oft protem 


svnthesis 


Qur working hypothe is is that no fundamental 


difference exists between protem synthesis in phage- 
and unimfected bacteria In both cases 


ribosomal RNA 


has 


infected 
typical does not carry 
formation, but perhaps 

RNA’s 


their Sper ids to the messenger 


another fumetion, 
prov ide st surface on which transfer 


can brit 


RNA ter iplate 


(-ros 
May 


strain 


Dhese initiated when F 
Was visiting the Biolovical 
August The 
Bilas was kindly prov 


Phe financial support of hie 


experi wuts were 
Laboratories 
pyrinudine-requiring 
ided by Dr. Martin 
National Science Founda- 
ites of Health is gratefully 


Lubin 


tion andthe National 


appreciated 
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Dr. W. H. FITTON, F.R.S. 


By JOAN M. EYLES 


HENRY FITTON, physician and 
geologist. died in London on May 13, IS6L. at 


obituary notice, Sir 


the age of eig ne In an 


Roderick Murchis 
Survev, 


ector-geme ral ot the Ci ologu al 
British 


to its 


trulv one of the 


vho rm geology 


wortrit 
prese mt advanced position 
Fitton, of English descent 
upin Dublin and his proficreney in the classics enabled 
Scholarship ot 


was born and brought 


1798. the 
Primity College Even then he 

a hobby which brought him into the hands of the 
he 


him to gam, in Senor 


Was & Tossil collector, 


military on suspicion of being a re bel In 
went to Edinburgh to study anc 
attended the geological lectures of Robert Jameson, 
who was responsible for stimulating an interest in 
science and natural history in many 
that time. Fitton grad rated M }). at 
IN1LO. but continued to study medicine and chemistry 
Isl2 In that vear he moved to 


practice unt il 


there 


young men at 
KEdinburgh in 


in London until 
Northampton, where he 
Then luly of 


enabled him to give 


was in 
marriage to a considerable means 
up his practice and return to 
regular 


became a 


and 


London, where his house Sor 


meeting place for men Of scrence mm particular, 
geologists 

Fitton did not become a Fellow ot he 
Society until 1816, but his first geological paper, “On 
the Geological Structure of the Vicinity of Dublin’ 
din ISHII in the first of the Society's 
ye. In 1817 he centributed to the Edin 
first of a number of reviews, often 
of geological works, which ar noteworthy 


Geological 


volume 
Transacti 
burgh Review tne 
lengthy. 


they contain on the 


These still be 


for the \ tluable information 
history and progress of geology 
consulted with profit bv the historian of geology, 
for Fitton was widely read, had a clear 
with the facility of a classical scholar. 


‘ety during 1822-24. 


analytical 


mind, and wrote 
Seeretary of the Geological Sor 
he was elected president in 1827, and during his term 
of offices “dan 
publication ot the Proceedings oft the Soerety, of whi h 
the first number appeared in April 1827. In this 
pre sidlential addresses were published, 


introduces important innovation, the 


publication the 
Fitton’s being the first to appear, and thus began that 
annual series in which for many years the 
Fitton 
as curator and librarian, 


valuable 


progress of geology was reviewed. was also 
instrumental in appointing, 
in 1829, William Lonsdale, a gifted paleontologist, 
Is42. 


which 


who served the Society until 

The geological 
however, Is his 
stratigraphy of the beds Iving between the Kimmer 
idge Clay and the Chalk. that is, of the upper part of 


work for Fitton is best 


remember “dl. elucidation of the 


the Jurassic and the Lower Cretaceous. The succes 
limestones, clavs and sandstone 
marine and some fresh-water. During the 
a prolonged study of these beds in both the so ith-east 
of England and north-east able to 
establish the major 
advance in British stratigraphy. 
he received the Wollaston Medal of the Geological 
Society in L852 

Fitton was elected Fellow of the Roval Society in 
1815. and was also Fellow of the Linnean, Astronomit- 


course of 
France he was 


correct order of succession, @ 


For these rese arches 


cal and Royal Geographical Societies 


ysl 
Koch, G nd H A. D.. J. M a, Kort 
Dis and Chase, M., J. Gen, Phusiol., 36 
Hersh \ con 
oat) Volkin, E., and Astra L.. a si 
195% 
Prost, New York, 19% 
yy, 12, Structure and 
* Crick, F. H. €., Brookha Biology, 18 
* Nomura, M., Hall, B. D., and Spiegetma 
iM J. Mol. B n the pres 
B. R., J. Mol. Biol.,1 59 
Kurland, €. G., J. Mol. Biol., 2, 83 (196 
1 KE. Pre US. Nat. Acad. Sci., 44, 75 
K.. R s, R. 
Grunberg-Manogo, M., Ortiz, P. J., and Ochoa, 8., 
ta, 27, 217 (1955). Spahr 
Spahr, P. F., and Tissiéres, A., J. Mol. Biol., 1, 237 (1959 
W.S.. Proc. U.S. Nat, Acad. Sci., 46, 504 
toad 46. 14 
Cohen, S. 8., Bact. Rev., 18 
a 
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Prof. Thomas Alan Stephenson, F.R.S. 


Marine biologists in many lands will learn with 
orrow of the death on April 3, at the age of 
sixty-three, of Prof. Thomas Alan Stephenson, for 
he had travelled widely and visited many ocean 
hores Alan Stephenson’s first interest was sea 
anemones, & group of animals which no doubt appealed 
te his artistic nature, and this culminated in the 
beautifully illustrated Ray Society monographs on 
tritish sea anemones which appeared in 1928 and 
1935 He was on the staff of the Department of 
Zoology at University College, London, during 1922 
30, and in 1923 made a short investigation for the 
States of Guernsey on the biology of the ormer, 
Haliotis, with the view of legislation to check the 
notice able decrease in supply 

In 1928 he joined the Great Barrier Reef Expedition 
under C M. Yonge and led the shore party conce rned 
with the ecological investigations on the reefs His 
knowledge of anemones made him most suitable for 
this € xpedit ion, and he naturally devoted much time 
to the corals themselves, making also valuable 
observations on growth. But his wider interest tn 
shore ecology found full scope in a general study of 
reef ecology, on which one of his jomt papers w ith his 
wife. G. Tandy and M. Spender, will have lasting 
value as evidence of the state of Low Isles in that year. 
It has already formed the basis of two later small. 
scale surveys. 

In 1930, Stephe nson was elected to the chair of 
zoology in the University of Cape Town. It was then 
that he dk velop a his grand idea ot the comparison 
of shore faunas on a world-wide scale. Our know- 
ledge of the distribution of the inte rtidal fauna and 
flora had been restricted to detailed surveys at 
isolated points either in easy rr ach of marine labora- 
tories or at place s visited by « xpeditions, Stephenson 
was the first to organize a continuous survey along 4 
great length of coast and its value lay in the fact that 
the same people saw the whole length of coast so that 
their observations were as comparable as possible 

This first great survey, over a period of ten years, 
extended from Port Nolloth on the west coast ol 
Africa, round the Cape, to Durban on the east coast. 
It thus covered regions in the south Atlantic, the 
Southern and Indian Oceans, and extended through a 
range of climates as well as areas influence d by differ 
ent ocean currents. The work was done with all his 
usual exactitude, and the correct identification of 
species was ensured so far as possible. The great 
series of papers produced by Stephenson and his 
colleagues will remain as @ lasting memorial to a 
unique zoologist and as a reference point for all time. 
It was then that he discerns d the underly ing simplicity 
of the zonation patterns on the shore 

In 1940, he was appointed professor of zoology in 
the I niversity ol Wales at Abery stwyth, where he 
had been a student, and here he continued to Inspire 
regearch on shore ecology But every opportunity 
was still taken to continue his chief aim of seeing for 
himself as much of the coastline of the world as 
possible. With his wife Anne, who was always his 
constant and devoted collaborator, he explored the 
coasts of North America and of Bermuda. He was to 
have visited the Mediterranean this summer. 

It was Alan's hope to write a book bringing together 
all his vast knowledge, and it is sad that he cannot now 
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do this gut in fact a great deal has been publishe i 
and is available to the world and the pioneermg has 
been accomplished. The outburst of interest in 


marine science is ensuring that many more shores 
are being surveyed. The stimulus has been given 
and the standard set by Stephenson and his concept 
of three universal intertidal zones is being confirmed 

All Stephenson’s work was characterized by its 
extreme finish, and everywhere could be seen his 
meticulous care for detail. But as well as being a 
first-class naturalist he was also an artist. His 
paintings of marine animals and plants are exquisite 
portrayals and their composition emphasizes his 
deep artistic appreciation and disclosure of pattern 
and rhythm, so beautifully exemplified in his little 
book on Seashore Life and Patter 

The deepest sympathy of their many friends will 
go out to his wife in her bereavement. 

F. S. Russe 


Dr. Daphne Atkins 


Dre. DapHne Arkrns, a familiar figure to workers 
at the Plymouth Laboratory during the past 35 years, 
died on Mareh |. She was born on March 4, 1896, at 
Oxted, Surrey, the daughter of N. Kk. W. and Elisa 
Atkins. She was educated at the Kent County 
School for Curls, Tunbridge Wells, and from there 
went on to Bedford College, London, where she took 
her degree, in zoology and geology, in the early 
nineteen Twenties, 

Her first visit to Plymouth was probably in 1922 
when I well remember her as a fellow student at the 
Kaster class. After graduation she was soon to 
return to Plymouth where, supported mrtially by a 
series of research grants, she continued to work for 
much of the rest of her life. Her only notable 
period of absence was during and for some time after 
the War when she returned to Oxted to care for her 
aged parents. 

She made major contributions to our knowledge of 
marine invertebrates. She observed the living 
animal, she studied its anatomy by dissection and in 
sections, im exact detail she followed the course of the 
ciliary currents concerned with respiration, feeding 
and cleansing in bivalve molluscs, polyzoans and 
brachiopods. She published her conclusions in 
admirably presented and most beautifully illustrated 
papers. These must have numbered at least forty 
and were largely published in the Journal of the 
Marine Biological Lssociation, the Quart rly Jour al 
of Microsco} ical Science and the Proceedings of the 
Zoological Socrvety of London. 

Her earliest research, suggested by J. H. Orton, on 
the moulting stages of pea-crabs (Pinnotheres) was 
published in 1927. While this led to further work on 
post-embryonic development, it had very different 
and far-reaching side issues. These included accounts 
of a fungal infection and of an entoniseid (Isopod) 
parasite on Pinnotheres, examples of contributions 
to parasitology which included descriptions of ortho 
nectid, rhabdoecce! and copepod parasites in bivalves 

Observing the effects of Pinnotheres on the gills of 
Vivtilus, she noted that the damave caused led to the 
appearance of secondary or supernumerary food 
grooves with an associated reversal of beat in the 
adjacent frontal cilia This led to further work on 
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vills and then on regeneration. These 


abnormal 
very valuable 
could very 


containing information 
the 
the 


series of eight 


are papers 
groumdiwork of 
ease of their 


On the 


suitably form 
urther unportant studies. In 

ithor they led to a 
Ciliary Mechanisms and Interrelationships of Lamelli 
published between 1936 and 1943. In the 
course of some 400 pages she ranged widely through 
the bivalves deseribing and figuring in the most 
precise and beautifully illustrated deiail the course 
of ciliary ¢ the differen 
with such matters as cuticular fusion and the 


whu hi 


paper 


branchs 


out 


tvpes of cilia, 


rents and 
nature 
These 


one whu h ain vlad 


lature papers are an 


of etenidial muse 
ouree ot knowledge, 


vratitude and admiuration 


abiding 

of 
all workers on the bivalve Mollusca, now 
in her debt. 


tO 
They 
and in the tuture, 

Another source of 
lated by J. H. Orton, was in the Poly Zoa 
her research career she published an account of theur 


pout 


again initially stunu 


Karly in 


NEWS an 


The First American Manned Ballistic Rocket Flight 


On Mav 5, at 14.34 hr. v.t.. a Redston 
launched from Cape Canaveral in Florida. carrying 
Commander Alan Shepard, of the U.S Navy. in a 
space capsule This first United States attempt at 
manned ballistic roeket flight was entirely successful. 
The capsule was accel rated to a maximum speed of 
5.100 miles per hour, reac hed a height of 115 miles 
Atlantis 


capsule 


rocket was 


and travelled 302 miles down-rangs over the 
As it re entered the atmosphe re the 
shield was 
red. Commander Shepard seems to have 

ill-effeets as a result of his 15-min. flight, during which 
he was subjected to a deceleration of Il q He was 
in radio communication with the ground throughout, 
to elimb out of the capsule before a 


seen from the waiting ships to be 


and was able 
helicopter arrived to pick him up Though this rocket 
flight. 


tech 


firing was only a first step towards orbital 


Commande r She para was able to 
niques by controlling the orientation of the capsule 


test orbital 


under ZeTO-gGravity condit tons 


New Carbon Isotope, Carbon-16 


\ new carbon isotope of mass 16 has been dis- 
covered by physicists of the Atomic Weapons 
Research Establishment, Aldermaston, working in 
collaboration with scientists of the Clarendon Labor 
Oxford A carbon-14 target 
with a beam of 6-MeV 
the Aldermaston Van de Graaff accelerator 
the force of the collision was observed to be 
sufficient ly to split the 
stituents of one proton and two neutrons and the 
the earbon-14 to 


ators was bombarded 


tritons (ions of from 


In some 
great triton into its con- 
two neutrons were captured by 
form a new isotope, ecarbon-16. By making precise 
measurements With a large magnetic spectrograph on 
the emitted protons. the mass of the new isotope was 
found to be 16-014702 atomic units. It 
anticipated that carbon-16 would suffer beta-decay 
like carbon-14 and earbon-15, but with the difference 
the product of the decay would still have 
sufficient to emit a neutron. This occurred, 
and use was made of this property to measure the 


half-life, which was found to be 0-74 see. The most 


niass was 


that 


energy 
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cdletailed 
Loxosom 
Wiis lo 


followed by a 
the 


she 


ciliary feeding miechanisnis 
and anatomical account of 
Plymouth Later 
veture and 


Her 


sible by the more extensive colleeting range ot the 


area, 
feoding 


latest mterest, 


the 
the str 


atidea of 
describe mechanisms of 


pos 


cyphonautes larvae. 
was in Brachiopoda 


;ost-war research vessel, Sarsca 
with 


with which her 
development of the lophophore, with feeding mechan 


last seven papers, dealing 
isms and with systematics, are concerned. 
Although of an extremely retiring 
Daphne Atkins was far from being devoid of person 
ality. Within the tield of her mterest: 
she held most decided views, supported as they were 
careful observa 
monument m her 
As the Plymouth 


made her work possible, this itself is a 


disposition, 
research 


by the results of years of the most 


has left a magnificant 


Tron, She 
long series of published papers 
Laboratory 
justification for the existence of that Laboratory. 


M. Yonat 
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abundant of earbon is, of course, earbon-l2 
Isotopes of mass 13, Id and lo are known, of carbon-14 
and -15 are radioactive. and the former is the basis for 


the carbon-l4 dating of arch eological specimens 


Ministry of Aviation Mr. W. O. Broughton 


Mr Brot GHTONh ws been promote l to deputy 
chief scientific officer and Appornt d to the post oft 
director of air navigation and reconnaissance research 
and deve lopment in succession to Mr. C. J. Carter, 
who has joined the defence staff in Wash- 
Mr. Broughton started his eareer in the Civil 
1935 at Royal Aireraft Establishment, 
hie Vibs rigreacre dl on deve loporne nt 
pilots, the Veen Bee pilotless 


research 
ington 
Service in t he 


where iL work con- 
do with automatic 
target aircraft and 
In 1942 he transferred to He aiquarte re, 
Aircraft Production, to take 
concerned with the development of automatic pilots, 
gyroscopes and stabilizing equipment He returned 
to the Royal Aircraft: Establishment in 1947 as head 
of the Controls the Instrument and Air 
Photography Department, remaining in this post 
until 1954. when he was transferred to Headquarters, 
Ministry of Supply In 1955 he wi 
assistant director, responsible 

tration of research and development connected with 
automatic flight blind 
landing. flight fire 
control Mr. 
research 


nect 
stabilized automatic bombsights. 
Ministry of 


charge of a section 


Division of 


appointed 


bemy for adminis 


control BVsterns, automatic 


instrument systems and aircraft 
In addition to these 


Broughton now assumes responsibility 


systems, 
for 
air photography. bombsights, 


and development on 
navigation 


flight and 
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simulators non-radio aircraft 


Prof. W. F. Vinen 


been appointed to a 


Physics at Birmingham: 


Dr. W. F. Vinex. who has 
chair of physies in the University of Birmingham at 
the early age of thirty-one, was educated at Watford 
Grammar School and Clare Cambridge, 
where he was elected to a research fellowship in 1955. 
In 1958, he was appointed a University demonstrator 
in physics and a Fellow of Pembroke College. In 
close collaboration with his contemporary, Dr. H. E. 


‘ollege, 
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Hall. recently appointed to a chair at Manchestet 
see Nature. March 18, p. 877). Dr. Vinen conducted 
an elegant series of studies on the hydrodynamics of 
rfluid with particular reference to the 
deve loprne nt oft turbulence and the fru tional effects 
arising from the mteractions of the the rmally exerts a 
‘normal fluid’ with the vorticity of the ground-state, 
the Layee rfluid Th work of the we two collaborators 
which must ultimately be ranked as a classic Invest! 
gation, soundly establishing quantum hvdrodynamues 
on an experimental hasis. culminated on Dr. Vinen's 
side with a direct demonstration of the quantization 
of cireulation in the superfluid This beautiful 
experiment may well be re garded as a worthy con 
clusion to the work of more than twenty vears if 
Cambridge on the properties of supe rfluid helium. 
which began eq wally striking!y with the discovery 
of the fountain effect In the organization of a new 
department and the cle velopment of new fie his of 
research. Dr. Vinen will have full scope for the 
inventiveness and versatility which have been s ich a 


notable characteristic of his work up to t he present 


Director of the National Fishery Institute, Ecuador: 
Mr. F. Bourgois 


Mr FRANCOIS ZourGcorIs has been appointed 
director of the National Fisheries Institute, Guavaguil 
for a riod of tour vears. Mr 
has been Food and Agriculture Organization fishery 
officer in Haiti since last July Prior to that, he was 
fisherv officer and the Organization's representative 
in Tunisia for three and a half years While in 
Tunisia. Mr. Bourgois was concerned with finding 
and charting new fishing grounds, inproving the 
sardine fisheries and extending Tunisian trawling 
farther offshore Pogether with one of the Organiza 
tion’s master fishermen, he introduced the use of 
inderwater lamps into Tunisian sardine fishing 
Mr. Bourgois joined the French Fisheries Service im 
1945 as a fisheries expert and administrator He 
vas previously fisheries adviser to the Viet Nam 
Clovernment. and fisheries expert with the Supreme 
Commander for the Allied Powers. His first assign 
ment for the Food and Agriculture Organization was 
in 1956 in Libva. The Ecuadorian National Fishery 
Instutute is the second major U.N Special Fund 
fisheries project with the Food and Agriculture 
Organization as executing agency, to be established 
in Latin America. The project calls for a Government 
contribution of 663,040 dollars over a four-vear pr riod, 
and a special fund eontribution of 633.800 dollars 
The purpose of the Keuadorian Institute isto he Ip the 
(iovernment foster the country s economu develop 
ment by a substantial « Xpansion of fishimg and 
ancillary aetivities Facilities and maintenance 
for the Institute's two research vessel 
are to be provided by the Eeuadorian Navy The 
Navy will also provick hydrographic and mete orologi 
eal information on areas not studied by the Institute's 


x. and personne! 


vessels and will provide a ship for seve ral months of 
vhalk marking each year im the seas of Ke 


Space Research in Britain 

REPLYING to a question regarding Great Britam's 
contribution to a space research programme, Mr. D 
Freeth. Parliamentary Secretary for Science, said in 
the House of Commons on May 2 that Great Britain's 
programme comprises five main elements. There is 
the programme s¢ ientific expermments Using 
sounding rockets. Further experments will be made 
in satellites to be launched by the United States. 
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with which Britain is also collaborating in testing 
communications using satellites. Thirdly, Britain ts 
participat ing actively in the pre paratory 
set up to plan a European organization for co 
operation screntifie research in space Cireat 
Britain and France have also proposed to other 
European Governments Co-operative programm 
for the development of sate llite launchers beginning 
with one based on Blue Streak to be fired from 
Woomera Finally. Britain is doing much analysis 
of satellite tracking data. including the operation of 
one of the three World Data Centres which act as 
mternat ional clearing houses for imformation on 
research. Future plans in Britain will be considerably 
affected by the results of the discussions now taking 
place with other countries re garding the third and 
fourth elements im thus programini Mr Freeth 
added that Britain is in very close touch with both 
the Australian and Canadian Governments. and he 
strongly disagreed with the suggestion that «dis 
couragement of British participation inh a Space pre 
yramme is leading to an exodus of the finest brains 
of the country to the United States ar d Canada 

In a written answer on May 2. Miss Pile, Assistant 
Postmaster-General, said that the Post Office ts 
co-operating a wide-ranging communications 
satellite research programme which covers orbit 
altitudes and frequencies, and the design of the 
electronic equipment in the comuunication satellites 
themselves. The first requirement is a ground station 
for joint experiments with the Americans in satellite 
communications across the Atlantic 

In reply to questions on May 4. the Prime Miruster 
said that the Minister for Serence, in his sper ch to the 
Geological Society on April 26, was re affirming his 
acceptance of the view of the Advisory Couneil on 
Screntifie Poliey that a full scale Space progratinme on 
a purely national basis. including the development of 
a large launcher, would not be justified solely on 
scientific grounds. The wider problem of developing 
a launcher for heavy satellites is under discussion in 
Europe. and any further statement of policy must 
await the outcome of cliscussioms He hoped that 
Britain would be able to get the jornt s« heme. because 


of the enormous sums involved if the matter were to be 


pressed forward in all its aspects In other questions 
reference was made to the expenditure of only £5 
million on scientific research by the National Coal 
Board. and to the cost of the Russian rocket pro 
gramme for haunching heavy satellites as about equal 
to the cost of the whole defence pro granine ot 
Britain. Mr. Maemuillan emphasized that it Is a 
matter of determining the right priorities and im this 
matter the Government looks to the Advisory Couneil 


on Scientitie Poliev for guidance, 


Industry, Science and the Chemical Engineer 

On April 25, at the thirtv-ninth annual yveneral 
meeting of the Institution of Chemical Engineers, 
Mr. W K. Hutehison. ck puty chairman of the Gas 
Council. delivered the presidential address Hye 
rete rred to the rapid growth in rem be rship of the 
Institution. This occurred chiefly because of post-war 
| chemical industry and chemical plant 
manufacturers all began to offer opportunities for 
employment to chemical engineers on a scale not 
contemplated before the War. The greatest demand 
is in the field of production, and, in particular, plant 
operation, where techniques of management are of 
special importance The Institution is able to make 
one of its most useful contributions to the education 
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of engineers by providing the teaching institutions 
with detailed information on the type ot proble ms 
red by the time 
each chemical engineering course offered by \ 
character 


and the employer wo id remain free to go to which 


encounte professional engineer. In 


institutions would develop its own st vle ane 


ever sé emed best able to produce the Type of man he 
wanted. The final test of the engineer would always 
be success or failure in carrving out the work entrusted 
to him The could than 
prepare him for such a test 

Mr. Hutchison referred to the concept of 
which, for thirtv vears. has been retaimed as a 
Behind 
are fundamental physical or 


the 


might 


Institution do mo more 
opera 
TIOns 
basis for instruction in chemical engineering 
all unit operations there 
related that. if used with 
thie 


content of 


he al concepts, so 


degree of mathematical skill, 
the 


chemical engineering instruction 


necessary 
much ot existing 


Mr. Hutchison also 


sittiationm inn 


make unnecessary 


mentioned an interesting continental 


Western Europe. 


to call themselves chemical engineers or to recognize 


where only small groups are willing 


the coherent set of principles within which a profession 
Many of the funetions claimed by 
engineering are fulfilled by 

phvsicists and engineers 


can be practised 
chemical 
teams of chemists, 

engineering to many 
young men is its obvious connexion with the realities 
of industrial processes The attitude is that of the 
than of the scientist; the laboratory 


attraction of chemical 


engineer rather 
and the lecture theatre are tolerated only as stepping 
If there ts a latent con 
engineering. “the 
for the 


scientist 


stones to the world outside 
flict 
engineer directing the great powers m nature 
: and the 
advancing the 


between the two aspects of 


and convenience of man 
intent mn 
of knowledge, the Institution does ide a solution 
It is both a corporate body of practising engineers 
and a meeting ground for scientists. The 
aim of the Institution is the advancement of 
all through 
skill of practising engineers and scientists alike 
The Cotton, Silk and Man-Made Fibres Research 

Association 

In May 1960. the that had been 
set up to consider the possible fusion of the British 
ancl the 


recomunended 


use 


his laboratory on frontiers 


pri mary 
SCICTICE 
knowledge the 


by which is meant 


working party 


Research Association 


Association 


Cotton Industry 
British Rayon Research 
that the should be merged into 
one research July 1. 1961 It 
has now been decided that this will be known as the 
Cotton, Silk Man-Made Fibres 


ciation, and its main responsibilities will be to serve 


two Associations 


association as from 


and Research Asso 


and merchant SeCT IONS 
The officers of the new Association 
will be as follows: Déreetor, Dr. D. W. Hill; Deputy 
Director, L. A. Wiseman: Assistant Directors, G. W 
Lobb (to be responsible for re search administration), 
© 


mechanical 


the converting 


of the industries 


proce 


responsible for physical 
and Dr 7 rquhart 
chemustry and 


Tipp tt to be 
research 
responsible 
A large part of the res arch programmes 
the 
\ssociations Is being continued by the new 
The the 
industrial will be a research 
collected by the 
will also receive a 


and 
to bye chemical 
processing 


and other work previously undertaken by 


original 
organization main source ot Research 
the 


\ssociation 


lation’ s 
levy forming part of levy 
Cotton The 
vrant trom the Department of Serentifie and Industrial 
already well advanced for the 


Research Plans are 
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a new chemistry and finishing building 
Institute, Didsbury Manchester 
will be comple ted by the end of 


provision oft 
at the Shirley 
Is hope dl. 
1963 


which, it 
1962 or early 
Science Museum Exhibition of a Fourteenth- 

Century Astronomical Clock 

Tut Museur will be 
May 16 25 the first full 
to be produced in Britaim for 250 vears 


Secrenee exhibiting during 
astronomical clock 
Phe clock 
designed and con 
John 
professor of lowie, 
Italy the 


constructed astronomical 


June 


is an exact re production of one 
HOO ve Dondi, who 
medicine and 
1348 64. 
which 
but 


structed nearly ars ago by 


Was, af times, 


astronomy in During vears 
Dondi 


came to 


his k. 


fame during the next two centuries, 


into oblivion, and 
late Gi H 


Latin manuseript which 


afterwards it seems to have sunk 
little was heard of it until the 

in the 1930's, translated the 
Dondi left behind 
how he the 
The 
went to Spain, 

Peninsular Wars 
vears of the invention of the mechanical clock, 
when the standard clock was a clumsy forged 
blaecksmith’s Dondis clock pre 
refinement Astro 
Sun, 


saillie, 
giving a full description of 
clock, draw ings 
Italy and then 
where it was destroyed during the 

Constructed fifty 
ata 


orl 
until 


with w my 


male 
clock remained in 


within about 
time 
iron production, 


sented an achievement of preat 
the 


Kure poe 


nomical clocks showimg motions of 
Moon and began to be 
during the fifteenth 
but those embodying 
as well are rare at any period 
and Balade Care 
about L550; 


Johann 


nodes less rare in 


late and sixteenth centurie 

the motions of the five planets 
The names of [mumser 
mto Central 
little 
Aureliane 
ther elocks im 
Later, 
Jensen 
only Samuel 


1730. It 


in Western Europe wis 
done until Klein of Prague and 
and Cajetano of Vienna constructed 
the last quarter of the eighteenth century 

clocks built by Schwilgué in 1842 and 
in 1956. and in England there was 
Watson in 1680 and Henry Bridges in 
fallen to Mr H Alan Llovd to take up Baillie s work 
and complete it Atter publishing a full précis of the 
translation in 1955, he decided to make a 
the He was able to find collab- 
the Mr 
and inh his co-director and chief craftsman, 
Mr. Peter Haward, of and Reed. Ltd 
Following the the will 
be taken to the Smithsonian Institution Washington 


were 


hats 


recon 
struction ot clock 


orators in managing director, CGeottres 
Bugygines, 
Phwaites 
clock 


exhibition m London 


X-ray Protection at High Voltages 

THe National Committee on Radiation Protection 
and Measurement of the U.S. National Bureau of 
Standards has issued a new handbook with informa 
medical from 
(National 
Measurements 


how to obtain 


to 3 x 10° V 


tion about 
X rays up 
Radiation Protection 
No 26 Pp 
Printing Office, 
standards of 


protect 

(Committee on 
and Keport 
CGrovern 


The hand 


contains data 


viln+52. (Washington. 
1961.) 25 


safety 


rent eents 
and 
and recommendations relating to all persons involved, 
the manufacturers of the 
and builders of the rooms im 
Basic requirements for safety standards are 


book sets out 
melhading apperatus and 
designers vhich tt os 
housed 
essentially the same in this handbook as in its immedi 
ate predecessor (No. 60) Fables have been revised 
to contorm w ith the mew lowe rmissible 
dose adopted by the 1957 the 
differences in the maximum permissible doses allowed 
their 


Committee in and 


in controlled areas and environs Reeom- 


No 477¢€ 
‘ge 
4 
Wek 
3) 
2 
ice 
= 
a 
4 
ce 
| 


590 
mendations have been changed to cover situations 
created by recent technical advances ino machin 


radiological 


design, and by the development of new 

techniques The underlying philosophy, however 
remains as it Was ors inally expre sed by the Com 
mittee thirty vears ago, namely, that unnecessary 
radiation exposure should alwavs be avoided and all 


ex posure kept to the minimum compatible with 


practical clinical requirements 


Field Studies in Scotland 


Desprre the attractiveness of the Study Centre at 
Garth. the Scottish Fr kd Studies Association mays 
have to discontinue its activities for lack of support 


In contrast to the encouragmg number of students 


who are attending Field Study Centres mn England 
the number of student days spent at Ciarth fell from 
9 972 in 1959 to 2.539 m 1960. Of the 20 courses 
offered, 7 had to be cance lied for lack of support The 
not only for financial help 
rt from Seottish and other 

In her fore word to the 


Association 18 appealing 
also for une reased suppo 
local education a ithorities 


annual report, Dr. Margaret Stewart writes that 

there is plenty of lip service to the importance ot 
Field Studies in education eurricula, but so long 
as it is left to the initiative of individual teachers the 


the Association cannot be developed on a 
firm and lasting basis” | Annual Report, 1960. The 
of Field Studies in Modern Education 


work of 


By Paul F. Holmes. Garth House as a Centre for 
Ecological Botany. By Fred N. and Brenda D 
Haynes Pp. 27+4 plates (Cjlasgow Seottish 
Field Studies Association, 2s. 6d.) Informa 


tron the Association can be obtained from 


170 West Regent Street, Glasgow 2 


about 


Organization of Sandwich Courses 
National Advisory 


Commerce 


Council on Edueation tor 


Tut 
Inclustry 
the organization of courses in 
colleges other further education 
\ sub-committe under the chairmanship of Mr. 
EK. L. Russell, chief ¢ duecation officer tor Birmingham. 
has the 
sandwich courses with a view to using 
1 accommodation and industrial tram 
and in particular 


and has started an inquiry on 


sandwich technical 


and colle pes or 


organizat ion ot 
stall. 


been set up to examine 


college 


equipment an 
ing facilities to the best advantage ; 


to consider ‘end-on’ arrangements The sub- 
committee is examining the various ways in which 
practical experience in industry is combined with 
academic study in technical college courses. These 
methods include the end-on’ system by which two 

students follow the same 


quite separate groups of 
but the college 
being in college while the other is in industry 
organization or persons W ishin 
the is askecdl to write to the Secretary, 
National Advisory Council on Edueation for Inclustry 
and Ministry of 
Street, London, W.1 


alternately, one group 


g to submit evidence to 


eourse. tse 


committee 


Commerce, Education, Curzon 


Zoological Society of London 

the Zoological Society ot London was 
the recipient of three munifieent be quests which will 
enable it to extend consid rablyv its The 
Trustees of the Nuffield Foundation the 
Society £100,000 to found an Institute of Comparative 
Medicine Mr. Jack Cotton ts prov rdiimg £250,000 to 
help the rebuilding programune, and the Ford Founda 
tion gave 550,000 dollars (nearly £200,000) to endow 
research fellowships im animal breeding. \ 


activities. 
granted 


major 
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activities will lie m= the 
medicme The Institute of 
Comparative Medicine is to be associated with the 
name of Lord Nuffield. The grant is also intended 
to allow for the creation of two researe h fellowships 
The Ford grant 
systematic study of 


part of the mew research 


field of comparative 


in comparative medicine makes it 
possible to undertake a the 
rm productive habits and physiology of those animals 
which breed readily in 


be supervised by a 


Society's collections 
These 
committee of well-known 
for their contributions to knowl dye of reproductiv: 
ph sologv. On the of this com 
the Council has already appointed the first 
three research Fellows. The Society is now planning 
new laboratories for their Mr. 
Cotton s gilt 1s the key which sets in motion the plan 
for reconstruction of the Regent's Park Gardens as 
devised by Sir Hugh Casson and Mr. Peter Shephe ard 
architect. 


in the 


captivity. will 


studies 
distinguished 


screntists 
basis of the advice 


Truittee, 


accommodation. 


in consultation with the Society s rr sident 
Mi KF. A. Stenge lhofen Details of the boevcquae sts and 
other information about the 
activities of the Society are set out in its anniial report 
for 1960 (Pp. 5448 plates London: Zoological 
Society of London, L961) H.R.H. the Duke ot 
Edinburgh has accepted the presidency in 


many forward-looking 


to Sir Landsborough Thomson 


The Ciba Foundation 

ue report for 1960 of the 
Promotion of International Co-operation in Medical 
and Chemical Research, which usual. 
details of symposia and their participants, et the 
and lists of publi 


Ciba Foundation for the 
includes, as 


study groups and research meetings, 
eations held and issued, records that the Foundation 
provided accommodation during the year for S25 
scientists from 37 countries (Pp. 63. London : Ciba 
Foundation for the Promotion of International 
Co-operation im Medical and Chemical 
1961). Five three-day international conferences were 
held and membership of these ts NOW 
to about 30 Jesides four one-day study groups, the 
Foundat wn arranged evening USSION meetings, 
Asp 


Seven Ses 


h, 


five re search meetimgs. a guest on 
and Ciné-Radiology 


films. 


of Ciné Indoscopy 
screntific dinner 

Three such 
twelfth Ctba 
Prot. J 


sions of and a new series ol 
meetings known as the Dunant Coterie, 
meetings were held im 1960 and the 

Foundation Leeture delivered by 


Konorski. the fourth annual lecture on ageing by Dr 


P. J. Thuong. and the Louts Rapkine Lecture by 
Medicin-Lieutenant M. Flander. Seven Anglo-French 
bursaries were awarded by the British seleetion 


committee for medical graduates to visit France, and 
two by the French selection committee for visits to 
London Medical Schools Three volumes of the pro 
ceedings of symposia, one of 
strucly 


a colloquium on endo 


ermology anc two oft groups were published 


during the vear. 


Photon Rocket 

OpricaL and mechanical 
countered by a space traveller mceving with a velocity 
approaching that of light are discussed by 5. M. 
tytov (Priroda, 4, 64; 1960). The greatest danger 
to such a traveller will be encounters with relati- 
and wind. A collision of the 
cosmie particle one milligram im 
In spite of 


phenomena to be en 


vistiec dust 
space ship w ith a 
weight will spell complete destruction. 
such a warning G. G. Zelkin describes the construction 
of a purely hypothetical photon rocket (Priroeda, 11, 


cosmic 


= 
j 
¥ 
A 
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kilometres in lengtl ana propelled 
transtormed 


the 


fuel, energy of which is wholly 


energy 


A New Elementary Particle 

IN a brief note Din Da-Tzao and E. N. Kladnitzkaya 
Priroda, 8,17: 1960 the dis 
covery in the Dubno laboratory of a new ele mentary 
hyperon. This 
reseu;ne h wor kers 
Weksler and Van 
particle track photo 


vive an aceount ol 


particle an antisigima minus «lis 
made by a group of 


leadership of \ | 


shown bv the 


wis 
under the 
(ian-Chan \s 
yraph this particle was produce a through the collrion 


eovery 


of a pi-meson \ ith the nucleus of a carbon atom 


French Scientific and Technical Books 1950-60 


French screntiti and 


introduction by 


rED catalogue of 
1950 60. with an 


\ 
technical books 
P. Piganiol, comprises a selection of books at present 
on sale and published between 1950 and 1960 (Cata 
logue Collectif des livres Frangats de Seiences et 
Techni L950 Pp Vill 242 


Cercle de la Librairie. LOG] The books are ¢ lassitied 


main sections under science, 2nd 
and alphabetically by title 


Phere are 


subject un five 
r technology. 
alphabet 


withim the sub-seetroms 


subject and author indexes 


The Society for General Microbiology 
Microbiology held it 
April 10, at the 


following 


THe Society for General 


annual ge Royal 


neral meeting on 
For the forthcoming vear the 
were elected: President, Prof. R. Lov ll: 
Prot IN E. Cooper; Editors, Prot 

Knight and Mr. A. F. B. Standfast: 
retary. Dr. B. W. Lacey ; General See 
Cowen. The Marjory Stephenson ial 

The Development of Microbiology’ 
yiven by Prof. B.C. J. G. Knight, and a symposium 
on the Microbial Reaction to Kenvironment 
on April ll and 12 The subject ol the 
symposium in 1962 will be “Microbial Classification 


Institution. 
officers 
Treasurer, 

G 
Veetings See 
Dr. S. I 


retary. 


Lecture, Wiis 
wis hie ld 


SoctietyV 8 


Electron Microscopy 

Cue Electron Microscopy Group of the Institute 
Physical holdimg its 
University of Nottingharn 
The conference will be « oncerned 


ot Physies and the Society is 
annual conference at the 
during July 10-14 
tmnainly with the physics of the electron 
and its applications Among the 
Electron Microscopes and Electron 
Microscopy of Thin Films”’; 
and Electron Diffraction 
Methods Miscellaneous ‘Techniques and Applica 
tions of Electron Microscopy”. The conference will 
also a orm “The Physics ot 
and the Embedding Further 
information can be obtained from the Administration 
Assistant, Institute of and the Physical 
Society, 47 Belgrave Square, London, S.W.1 


main topics to be 
discussed are: 
Optics” Kleetron 

The Theory 


Scope ot 


Sec- 
Process 


Physics 


Seminars on Nuclear Science 
Nuclear 
Kuropean 
has arranged with the Atomic Energy 
Establishment at Harwell and the Centre d Etudes 
Nucléaires at Saclay 


ot the 


Economic Co-operation 


Tue 
Organization 


European 
for 


Research 


for two international seminars 
on nuclear energy. Designed for the teaching staffs 
of universities and higher technical each 
seminar will accept about fifty applicants, who will 


colleges, 


NATURE 


to study the latest advances im 
rtain prac tical 
isit nuclear installations. ‘The Harwell 
seminar will take place during July 10-21, and that 
at Saclay, June 26 -Julv 7 The both 
seminars are being borne by the Kuropean Nuclear 
Energy Agency. and participants ill only be required 
to pray travelling and living Further 
information can be obtained from the Organization 
Kuropean 

Suchet, 


have the 
nuclear scrence 


work, and to \ 


opp 


and techniques, to do 


eosts of 


‘ X Perises 


kx 
Agency, 35S 


Co operat pon, 


tor Huropean 
Boulevard 


Nuclear Energy 
Paris 


Announcements 

Pror. K. 
maties in the University of Svdney 
the William Medal for Unselfish Co-operation 
in Research by the American Geophysical Union, m 
of his contributions to knowledge of the 


Earth 


BULLEN, professor of applied he 
been awarded 


Bow It 


recognition 
interior of the 
Bardyett. 

and 
Ltd., 


will 


Dr. K. J. IRVINE is to suceced Mr. W. 
manager for 
development of the United Steel Companies, 
latter July 


of metallurgical researe h manager. 


at present research research 


when the retires on Irvine 


take the tith 


Institute of Fuel is o1 cond c«on 
Waste Heat Recovery. which will bye 
Bournemouth during May 15 19 Furthes 
obtained the Institute of 
Portland Place, London 


yranizingg a 
ferermet ork 
held in 
mformation 

IS Devon 


can be from 


shire Street. 


1961 convention of the British 
Radio Tech- 


Convention 1s 


THe theme of the 
Radio Engineers to be 
Spe he search The 
the University of Oxford during July 
obtained from the 
Radio 


Institute of 
niques and 
being held im 
5-8. Further information can be 

Secretary, British Institution of 


9 Bedford Square, London. W.C.1. 


Cieneral 
Engineers, 
Tut 
day 
July 12-14. The 
“Winds and Circulation in the Upper Atmosphere 
and “Medium-seale Diffusion in the Atmosphere’ 
Further ean be obtained from = the 
Assistant Roval Meteorological 

49 Cromwell Road, London, S.W.7. 


Meteorological Society 1s holding a 


at the Universitv of Exeter during 
on 


Royal 
two meeting 


meeting will include 


mformation 


Secretary, Society, 


Tue fifth imternational conference on “Tonization 
Phenomena um Gases sponsored by the Association 
of the German Physical Societies (Plasma and Di: 
charge Physies Group), will be held at Munich during 
Further information can be 
Hocker, Technische 
Stuttgart. 


August 28 September | 
obta'ned from Prof. H. 
Hochschule Stuttgart, Herdweg 51, 
but nial conference of the Onl and Colour 
Association is to be held at Torquay during 
June 3. The of the 


Physics im Coatings 


THt 
Che mists’ 
May 30 
will be 


conte renee 

Further 
information can be the General 
Secretary. Oil and Chemists’ Association, 
Wax Chandlers’ Hall, Gresham Street, Londen, E.C.2 


The Geological 
492 of May 6 


ral title 
Surface 
obtained from 


Colour 


note entitled 
appearing on 
sentence 


ERRATA In the 
Society of London”, 
issue of Nature, the refers to newly 
elected members of the Society's ¢ ouncil. Further 
more, Dr. P. A. Sabine, one of the newly elected 
secretaries, is the chief petrographer. H.M. Geological 


final 
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THE SCALE OF THE SOLAR SYSTEM 


By THE STAFF, MILLSTONE RADAR OBSERVATORY, LINCOLN LABORATORY*, 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, 
WESTFORD, MASSACHUSETTS 


ale of 


April 
has determination of the se 


solar 


a re 


fm close approar h of Venus during 


the avsatern by means of rac cr distance measure 


ments of thi planet Previous ‘neasurements of 
this kind have been made by Price et al.' and Evans 
and ‘Taylor These earlier experiments led to a 
value for the solar parallax of 7 S-S0O22 + OOOO] 
see, of are Th is not in agreement with new 
measurethents sing th Millstone Radar 
Observatory of the Massachusetts Institute of Tech 


located = at Westford 


April 1961 


Laboratory, 


in Mare h and 


Lineoln 
tts 


nology, 


= 
x 
24 


the 
aerial gain, 37-5 db 


ith 
140 Mews.; 


following para 


Mhi 


meters 


equipment Operates W 


frequeney, 


peak transmitter ower, 2-5 MW receiver morse 

temperature, transmitter pulse-lengths, 

5, 2, or 4 maser The transmitter interpulse period 


daily intervals 
which 


in the total 


has been varied at approximately 
during the course of 


March 6 In this 
number of ute rpulse * riods in the time for the pulse 


experiments began on 


way the uneertainty 


to travel the two-way distance to and from Venus 
can be removed The value for the range of the 
planet has been converted to a value for the solar 


by using ephemeris computed in a 
manner ceseribed Pettengill and Price® The 
preliminary value obtained from twenty independent 


the yp riod March 6 


parallax aun 


by 


experiments conducted during 


April 12 is 


- 70450 of are 


which corresponds to a mean solar distance of 
149,597,700 + 1.500 km 
continued and it is expected that a final analysis of 
all the yield a value= sub 


stantially more accurate than the new value re ported 


The observations are being 


measurements will 


here. 


* Operated with support tf m the U.S. Air For 


NATURE 


May 13. 1961 


In all the experiments the transmitter is operated 


for a period somewhat longer than the two-way 
travel time Following the transmission mterval 
(usually about 5 min he received energy is integrated 
at different range-intervals for a duration corre 
sponding to the echo time In this way most possible 


Allowance 
process the 
with time \ display of the results 
for April 8 is shown in Fig. I 
calibration pulse, 


oad 


tor 


sources Of sprrLlous echoes are remo 


the gradual 


is om SUT 
drifting of range 
of thirty such ‘runs 
Inclided im the 


processing Is 
chosen to approximate the exper ted intensity of the 


Venus echo The Venus echo mav be seen to rise 
some 23 standard deviations above the mean morse- 
level. The echo intensity corresponds to a rece ived 
power level of 163 db. below T mW 
From the intensity of the echo we conclude that 


scatters about 12 per cent of the imeident 


This is not greatly different from the amount 


and suggests 


Ve 
energy. 
seattered by the Moon (7 per cent, re t. 4) 
that Venus has a solid surface 

\ frequency analysis of the returned signal power 
discloses very little spectral broadening Two 4-min 
runs analysed to date show that essentially all the 
returned power is contained within a band-width of 
less than one evele Until some measure of 
the angular scattering law is obtained it is impossible 
It ix interesting. 


per soe. 


to determine the planetary rotation 
however, that if one assumes an angular 
similar to the Moon. rota 
the 


TO note, 


distribution an apparent 


synodie period 


tional period consistent with 

(584 days) is obtained. 

Price, I Green, P. E.. Goblick, T. J., Kingston, R. H., Kraft i 
L. G., Pettengill, G. H., Silver, R ind Smith, W. B., Serene 


129, 751 (1959) 
Faylor, Vature, 184, 1358 (1059) 
and Price. R.. Planetary and Space Science, 5, 70 
Mason. W. Stone. M. I 
Bu 


d Ingalls, R. P 
» WwW J. Research (Nat 


<2 
4 
26 APRIL € : 
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FUNGICIDES IN AGRICULTURE AND HORTICULTURE 


YROM time to time estimates are published of the 

4 
crops throughout the 
world clu TO diseases \ 
proportion of these losses, equal to the producer ot 
lana. 


enormous annual loss of 


and considerable 


pests 


millions of acres of agricultural arises from 


fungal diseases, and in most cases the use of fungicides 
provides the most effeetive remedy 


has been good progress in the deve lopmne nt ot 


In recent years 
there 


new fungicides; crop losses are still great. however. 
Britain, where potato blight. for example, 
destrovs thousands of tons of each 


Meetings concerned with researe hon fungicides 


evem 
still potatoes 
vear 
do not occur frequently in Britain and considerable 
portance was therefore attached to the symposium 
entitled “Fungicides in Agriculture and Horticulture 
organized by the Pesticides Group of the Society of 
Chemical Industry and held in London during March 
20-21 

The programme was well balanced to mechide treat - 
ment of fundamental as well as practical aspects of 
The three papers delivered on the first 
Current Usage 


the subject 
morning under the general he ading ot 


and Recent Developments and dealing with fruit, 
glasshouse crops and agriculture respectively were 
mainly practical It is well known that organic 
fungicides have been used imereasingly im crop 


but it 
hear from these three speakers that inorganie mater 
such as elemental sulphur, lime-sulphur and 
still hold a 


protection Im rece nt vears, was interesting to 


tals 


Jordeaux mixture very important 
position. 

Dr. A. H. M. Kirby dealt briefly with soft and stone 
fruits and more fully with pome fruits. Seab has been 
the disease requiring most attention on apple and 
pear, but of allthe chemicals used for its ¢ ontrol none 
ix Without some defect For example, eaptan, which 


vives excellent control. allows nuldew to inmerease 
thus, incidentally. is now the most clisease 
for which a safe, cheap and adequate control is still 
required The dangers of phytotoxicity and mam- 
tnalian toxicity with some of the mate rials m current 
use were emphasized, and a particular point made was 
that the harmonizing of and 
control of and worthy of 
attention mm spray 
In glasshouse crops, as W. H. Read pointed out, 


a system of monoculture 1s usually prac tised and the 


biological chemical 


pests diseases greater 


programinie 


partial soil-sterilization to 
this 


and costs of 


the soil-borne 


thods 
combat diseases encouraged by 


given The disadvantage with chemical 


soil sterilants is the long }* riod required for the 


were 
chemieal or its breakdown products to disappear 
from the 

Since 


soil 


most vlasshouse crops are susceptible To 


phytotoxicity and mechanical damage, there ts 
usually no definite spray programme in glasshouses, 
until disease needs to be 


being to want 


The 


vaporization wert diseussed as methods of dispersing 


the policy 
smokes and 


controlled uses of sprays, ar rosols, 


the chemicals employed to control a number of 


portant cliseases of glasshouse crops 
Unlike the prev iots speakers, De. F. C 

Was not restricts d to considering the use of fungicides 

in Britain Under the title “Fungicide 


World Agriculture’> he gave the amount and value of 


(Gaayner 


Usage 


mereury and organic fungicides used 
world during 1958. Although 12.000 


tons of organie fungicides and 300 tons of mercury 


sulphur, copper 
throughout the 


used in that vear. 275.000 tons of sulphur, used 


were 

mostly as a dust, and 56,000 tons of copper were 
sold. the latter mainly as copper sulphate for the 
manufacture of Bordeaux mixture Most of this 
interesting paper was concerned with the use 


of fungicides to control the eight mayor diseases on 
crops of world importance 

The session of the svimposim comprised 
three fundamental papers on Pheore tical 
Fungicides” The first of these, prepared by Dr 
\. H. MeIntosh, was read by Dr. C. Potter; but in 
author it was inevitable that the 


The results were 


second 
2 
for 


the absence of the 
discussion suffered some limitations 
given for the fungistatie action of nineteen chemicals, 
come of them well-known fungicides, against Botrytis 
fabae at temperatures between 10° and 25° C. and at 
intervals of up to 14 days. In general, an 
in temperature shown to the 
and speed of action, whereas the apparent toxicity 
at any one temperature deereased as time passed 
It emerged that there is little evidence for the gener- 
ally held belief that spores are more resistant to fungi- 


increase 


was mcrease 


eides at their optimum temperature for germination 
and also that the results may be misleading if spore 
tests are assessed before the ED,, has 


value An 


germination 


been allowed time to reach a steady 
important point was made here concerning the loss 
of fungicides by sorption on the glassware used in 
This is particularly true of 
heavv-metal and. in cited, 


mercuric chloride, some 70 per cent of the original 


spore yermination tests 


salts one case using 
amount was lost from solution in 24 hr 
Physical and biological 
also formed an integral part of the succeeding paper 
by Dr. M. J. Janssen of Utrecht. Work on fungicides 
in the Netherlands has long been in the forefront of 
world research, and in recent years @ series of papers 
dealing with the dithiocarbamate fungicides has been 
published by the team led by Prof. G. J. M. van der 
Kerk Dr. eoneerned 
with the mode oft 
and he divided the work on this subject 
phases, dealing mainly the recent 
relating to metal complex formation He showed 
that the dithiocarbamates act in much the same way 


measurements behaviour 


contribution 
dithiocarbamates, 
mto three 


Janssen s was 


action of the 
work 


with most 


as 8S hydroxyvquinoline, for which the importance of 
metal chelation has been demonstrated by Albert. A 
quantitative agreement eXists between toxicity and 
concentration of the dithiocarbamate ion itself and 
its complexes with copper. Thus the different growth 
several fungi can be their 
sensitivity not only to the dithiocarbamate ion in 
the medium but also to the complexes in which 


pattern in aseribed to 


one or two dithiocarbamate tons are atta hed to the 
bivalent copper lon Reference made in 
this paper to the current fashion of postulating metal- 
binding as re sponsible for the observed phenomena 
in other biological systems. In the discussion, there 
was general support for Dr. Janssen’s opinion that 
the theory that chelation is of basic importance in 
relation to the activity of plant growth-regulating 


was also 


substances is unwarranted. 
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Dr. 
ot chemical 
the fi 


Somers pombe d out that in terms of weight 
fungal 
low toxicity 


d from solution by spores, 
current use 


animal 


nyicides in 
with 
bactericides He felt 
determining uptake of 


poisons, insecticides or even 
that the method of 
fungicide by measuring the 
after 

gives litth 


common 


remaining im solution fungal spores 


from it 


amount 
have been removed information 
on the actual amount which has preme trated the spores. 
and a series of ring subst it ited deriva- 
could be « stablished 
lipid solubility on one hand, and uptake or 
toxicity, interms of the ED),,, on the other. It 
shown that thiol yroupes within the cell are cones rned 
the chemical 


tives no correlation bet ween 


Wiis 


mm the action of captan furthermore, 


appears to be taken up only by living cells his is 
different from the results obtained with radio- 


quite 
active copper, the uptake ol which was found to be 


non-specific. Thus, any part of the fungal cell, 
whether living or dead, will apparently remove 
copper-64 from solution that which accumulates 


on the outside of the cell therefore probably plays 
no part in the fungicidal activity of this me tal 
The first paper on the second day of the symposium, 
given by Prof. G. J. M. van der Kerk of Utrecht, was 
concerned with new developments in organic fungi 
An authority in this field, Prof. van der Kerk 
described how fungicide research in Holland is 


He then 


yroup oft 


mades 
first 
several institutions 
went on to that another general 
fungicides superior to the dithiocarbamates 


co-ordinated between 
forecast 

organ 
simplicity of molecular struc- 
He considered 


materials 


on grounds of activity. 
ture and cost is unlikely to be found 
t more likely that in the future 
ill be developed to control specitic diseases 
In the field of protectant fungicides, the organo-tin 
introduced 
started im 


spre 


pounds have recently been COT. 


mereially as a result of research which 


lriphenyltin acetate is already marketed by 
Giermany for use on a wide range of crops, but its 
phytotoxicity and mammalian toxicity require special 
ttention Phe triphenyltin sulphides, on the other 
hand, are much less toxie towards higher plants and 
animals but their antifungal spectra also show more 
In the 


been rack 


temic fungicide progress has 


search for s\ 
by ¢ hemicals 
and are 


main lines 
within the 
using chemicals which are 


along three 


translocated plant 


which are 
ritoxic: by 
broken down by the plant or the 
svatemically distributed fungicides; 
compounds which are neither fungicidal per se nor 
degradation products but 
metabolism render it 


themselves fur 
pathogen to form 
and by using 
fungicidal 
host's 
Prot 


being made in 


give Tise to 
with the 


and 
resistant to attack 


van der Kerk re ported on 


the progress Holland along all three 


of these lines Procaine (dhethvlamimoethylester of 
para-aminobenzoie acid) shows promise @ systemuc 
fungicide per se, but none of its derivatives ts of interest 
and it may be significant that procaine has so far 
been shown to be active only agaist powdery mildew 


on eucumbe r This dlisease again showed itself to 
be useful for the demonstration of systemic fungicidal 
climne thvldithioearbamate This 


growth regulator, 


activity with sodnir 
compound, which is an active plant 
is degraded within the bean plant and, by means of an 
rant bioassay technique Glomerella 
inqulata, can be shown chromatographically to form 
at least three antifungal derivatives. Resistance to 
been increased by 


involving 


Cladosporium rinum has 


cucumber plants with enantiomorphs of 
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likewise, thiourea 


vitro, have 


naturally occurring amino-acids; 
and phenylthiourea, which are inactive 
been found to 
diseases when prov inde d to plants through theu roots. 

The activity of fungicides in relation to their 


chemical structure was considered by several speakers 


confer resistance against certain 


in relation to the particular compounds with which 
the y were interested. Dr. D. Woodeoek, in his con- 
tribution, dealt specifically with structure-activity 
correlationships — of antifungal 
The importance of physical properties 
such as lipophilic character was discussed in relation 


Sore nitrogenous 


chemicals, 
to mode of action. Chelation was also considered, im 
part ular with regard to its influence on the fungi 
toxicity of oxine (8-hydroxyquinoline) and related 
Other compounds dealt with by Dr. 


ormpounds, 
included imidazolines, gua and 


Woodcock 
triazines. 
Prof. R. L. Wain and his colleagues at Wye College 
have been closely associated with research on system 
Wain gave an 

progress this field. He 
to the fact that 
degree of resistance to fungal 


fungicides for some years and Prof 
account of the made in 


directed attention most 


plants possess a wide 


attack, and pointed out that in some cases this resis 


tance may depend on the Possession by the plant 
of anti-fungal chemicals within its tissues. The 
observation that the tissues of Vicia faba were 


provided an opportunity of investigating 
from the point of natural 
svatemuic fungicides The isolation of the anti-fungal 


compo inds present mm Vv af tha has, in fact, been im 


this view oft 


Early in these investi 
observed effect 
als and 


progress at W ve for some time 
vations it had to be shown that the 

was due to the ritoxie 
that the broad bean wes the most suitable subject for 
the investip Details of the biolog 
ingg to ¢ hemuical extraction of the fungal inhibitors and 


presence of tun 


tron ial work le ad 


the techniques developed for dealing with large num- 
bers of fractions obtained from the extracts were 
given by Dr. D. M. Spencer. Dr. C. H. Faweett then 


successful extraction of the 


and the 


described the most potent 


two chemicals one a keto-vne other a 


certain 


While somewhat 


sulphur-containing acid with properties 


similar to those of a nucleotice 


unstable, there is no doubt that these materials are 

highly fungitoxic and their presence in Vicia faba 

may well prove to be of considerable significance: 
The last two contributions dealt with two new 


fungicides now in use. D. J. Higgons deseribed the 
research which led to the field ultimate 
commercial application of 2,6-dichloro-4-nitroaniline, 


trials and 


particularly against Botrytis cinerea on lettuce, and 
Dr. W. F. Jepson dealt with the orchard use against 
scab diseases and the possible mode of action of 
n-dodeeviguanidine acetate. 

The contributions to this symposium ranged widely 
field of fungicides. The practical aspects 
mode: of 


within the 
of their theories on 
being carried out 


fungicides 


were clise d, 
were cleseribed, 
towards the development ot 
reported and details were given of two new materials 
now on the market. Perhaps part of its undoubted 
success can be ascribed to the comparative rarity of 
meetings such as thus and it is to be hoped that others 
suitable intervals. The organizers ot 
the symposium are to be congratulated on their 
choice ot subject, and the participants indeed all 
those interested in fungicides—look forward to the 
early publication of the monograph containing the 
SPENCER 
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new 
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War 


will follow at 


contributions and discussions. D. M 
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the 


eovers 


eleventh annual report of National 
| Parks Commission *, which the 
ended September 30, 1960, again records disappoint - 
ent at the non-introduction in Parliament of any 
Bill to give effect to the the Act 
hich the Park Planning Authorities and the Com- 
mission recommended to the Minister. This was im 
spite of the fact that at a Conference of Park Planning 
\uthorities at Windermere in May, the Permanent 
Secretary to the Minister stressed the importance of 


amendments to 


having suggestions ready in case they were wanted at 
notice Within the lmits of the 
(onumussion records a vear ot quiet progress, particu- 
the designation of areas of outstanding 
natural beauty, for which the Minister 
contirmed 12 orders covering 1.700 
and several local planning authorities have taken 
advantage the 
Act for actions aimed at preserving and enhancing 
beauty of After informal 
with the the 
now advice to 


short its powers, 
larly in 
has now 
square 
of the special powers provided by 


these areas. 
chief 


nsidering 
considering 


natural 


clase hodies coneernedt 


is what 
vive to the Government regarding the Broads in the 
hieht of the of the 
mittee of inquiry into inland waterways 

Miu h of the report consists of notes on progress 
end the individual Parks, 


mpossible to summarize here, but with the excellent 


recommendations Bowes Com 


activities in which it is 
illustrations which continue to characterize the report, 
the Commission’s annual report is itself a first-class 
piece of publicity, and one encouraging general note 
struck in the report is that it has at last been able to 
expand such activities and to appoint a small addi 
tional staff for the A conference of park 
tuthorities on the subject was arranged in July 1960, 
at whieh one topie discussed was the provision of 
information centres in all the National Parks. This 
has been limited hitherto primarily by finance 
vhich the 1949 Act failed to provide. The Com 
mission regards such centres as of the 
utmost importance and has proposed to the Ministry 
of Housing and Local Government an increased 
¢ppropriation for the purpose 

\ disappointing feature of the Commission's work 
stressed in the report is the lack of progress with 


purpose 


information 


* National Parks and Access to the Countryside Act, 1949. Eleventh 
Report of the National Parks Commission for the year ended September 
1960 Pp. vi+71+8 plates (London 1061.) 


tie 


FYHE outstanding activity of the World Health 
| Organization in 1960 was the assistance given 
to enable the Republic of the Congo (Leopoldville) to 
meet the emergency health situation in which it 
found itself immediately after attaining independence. 
This is described in the annual report of the Director- 
(seneral for 1960*. 
Acting on a request from the Secretary-General of 
the United Nations for assistance with the rapidly 
* Official Records of the World Health Organization, No. 105: the 
Work of WHO, 1960—-Annual Report of the Director-General to the 
World Health Assembly and to the United Nations. Pp. x +224 


Geneva: World Health Organization; London: H.M.S.0., 1961.) 
Swise frances; 108.; 2 dollars. 
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long-distance routes. Although all but one of seven 
proposals for such routes submitted to the Minister 
have been approved, after ten vears work not a 
single route has yet been completed on the ground, 
and there are still major difficulties in regard to the 
earliest and longest —the Pennine Way. Apart from 
this, development questions figure largely in the 
preoccupations of the Commission, the question of 
distribution lines underground 
again prominent. Strong exception is taken to the 
attitude of the South Wales Electricity Board to a 
by the Pembrokeshire County Council for a 
small amount of underground cable in the vicinity of 
Whitesands Bay, St. David's, as quite at variance with 
the assurances given by Lord Mills when Minister of 
Power in a debate on the Electricity Bill, 1957 
Moreover, in spite of further assurances given on 
the amenity clause in the Act in a debate in the 
House of Lords, in February, the Commission, while 
noting the Government's claim in the debate that all 
officers of the Electricity Boards are fully alive to the 
provisions of Section 37 of the Act, suggests that their 


eleetricity being 


request 


appreciation of its unplications could sometimes be 
unproved 

Like difficulties have arisen in electricity supply to 
Borrowdale and to Martindale, and while regretting 
the existence of the Ballistic Missile Karly Warning 
Station at Fylingdales in the North York Moors 
National Park, the Commission records its thanks 
to the Air Ministry for collaboration in an attempt to 
minimize the impact on the scenery. Protests was 
also made against the proposal, now abandoned, to 
rebuild Princetown Prison in the Dartmoor National 
Park and the Peak Park Planning Board was sup 
ported in its opposition to the proposal of the Sheffield 
Corporation to construct a refuse tip at Ringinglow, 
a proposal finally rejected by the Minister on appeal. 
Much anxiety is also expressed about the multiplicity 
of proposals for the erection of aerial masts on 
prominent sites, and despite the existence of Govern 
ment arrangements, under which all proposals for 
new masts must be cleared cc ntrally, and anyone pro 
posing a separate site must show strong reasons for 
not conforming, the Commission continues to watch 
the position with some concern, although permission 
to erect a police mast of 150 ft. on Foel Eryr in 


THE WORLD HEALTH ORGANIZATION 


Mynydd Preseli has recently been refused by the 
Minister 
deteriorating health conditions in the Congo, the 


Organization accepted the responsibility of co 
ordinating. through the Ministry of Health, the 
activities of all international personnel concerned 
with the health of the civilian population. The 
report outlines the action taken by the World Health 
Organization during July, August and September, 
with the assistance of medical teams provided by 
national Red Cross societies and certain Governments. 

The programme for the eradication of malaria 
from the world is reported as having made significant 
progress in various fields, although handicapped by a 
persistent shortage of funds. Sixty-one countries 
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in another 
nineteen, planning has reached an advanced stage, 
and, in other mainly in Africa 

the Organization is assisting with preliminary work 
Some idea of the complexity and of these 
campaigns is conveyed by the variety of the Organiza 
tion's work on malaria as reflected in this report 

a wide 


are now fully engaged in this programune ; 


seventeen areas 


range of research, assistance with training, 
and organizing and, as the 
programmes advance, with evaluating and assessing 
their efficeac y and results. 

The World Health 


(sovernments for the control of yaws, 


planning 


Organization s assistance to 
smallpox and 
1 iberculosis, leprosy and various diseases increased 
significantly during the vear. Medical research was 
ntensified on practically all communicable diseases, 
the main co-ordinated effort being centred on virus 
diseases and on bilharziasis 

The year 1960 was the first year 0. «ull implementa 
tion of the intensified programme of medical research 
Although the programiune is concerned mostly with 
conmununicable diseases, work has begun on cancer. 

radiation medicine and 
human genetics. It is made clear in the report that 
the Organization's primarily to 
services to research co-ordinate 


cardiovascular diseases, 


role is provide 
and to the work 
being done in national centres. ‘“‘It is, L believe’. 
writes the Director-General in his introduction, ‘‘a 
vratifying fact that much of the medical re 
search supported by WHO has grown out of the 
field programme is 
being carried out by national institutes and national 
staffs’’. 

For the World Health Organization, as for the 
United Nations, the emergence of new independent 
States brought a marked increase in membership. In 
planning for the future, account has been taken of the 
particular needs of these newer countries, so as to 


Organization's current 


MEASURING 


NVESTIGATORS in the food research group and 
] analytical chemistry laboratories of the Stanford 
Research 
measure the degree of digestibility of any food for 


Institute have developed a method to 


# particular individual. Basically, one reason for the 
discomfort caused by certain foods is related to the 
bacteria flora that inhabit the intestines of all 
mammals. When a person eats a food he can digest 
only partially it is attacked, when it reaches the lower 
part of the small intestine. by organisms which 
digest the remaining material. These bacteria form 
hydrogen gas as a by-product in the process, and 
resulting discomfort depends on the amount of gas; 
this, in turn, depends on the constitution of the flora 
of that individual and the quantity of undigested food 

The project team reasoned that if gas pressure is 
present, the hydrogen should pass through the semi- 
intestine wall into the blood stream. 
Because hydrogen is inert and therefore unchanged by 
body chemistry, the gas should eventually pass into 
the lungs and be expelled in the breath. They 
modified a gas chromatograph so that, if a bag is 
blown up by the subject, the hydrogen in the breath 
can be measured. By making the test after feedings 
of separate foods, they could determine what foods 
and how munch are cansing indigestion. 


permeable 
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effective theu 
resources in the progressive development of balanced 
health progranunes. 

In most countries essential health is bei 
handicapped by shortage of trained professional anit 
auxiliary personnel, and much of the Organization - 
work is concerned with education and training in one 
form or another. Under the Organization's fellow ship 
programme, more than 1,000 fellowships were pro 
vided in the period covered by the report. In addition 
to details of the fellowships awarded for both group 
training and individual studies, the report 
information on the other aspects of the World Healt} 
Organization’s work to further the training of pre 
and auxiliary health 
study tours, seminars and a variety of other meetine- 
were organized, and experts were provided to ser 
as visiting teachers or as members of demonstrations 


ensure the most use of limites 


work 


gives 


fessional workers: course 


and training teams For example, in the first nin 
months of 1960, the Organization sent more than 16 
nurses to help with nursing and midwifery trainin: 
in forty-five countries. 

In the field of environmental sanitation emphasis 
was laid on the training of sanitary engineers anid 
sanitarians, and on providing safe water supply and 
waste disposal. In certain regions—Europe, for 
example—-work was concentrated on river, lake and 
sea pollution and other problems resulting fro 
the rapid growth of cities, such as air pollution. The 
growing use of atomic energy in power production 
and of ionizing radiation in industry and medicine 
has given rise to several problems, and many Govern 
ments are becoming increasingly aware of thei 
responsibilities in radiation health. The Organizx 
tion’s programme is orientated mainly towards 
health authorities to strengthen their 
competence in radiation questions in order to meet 
these responsibilities. 


assisting 


INDIGESTION 


Some aspects of the investigation were sponsore:! 
by the U.S. Department of Agriculture and the 
Idaho Bean Commission. A unique application 
of the method was utilized by the latter organiza 
tion and is outlined in a@ recent issue of Researr/ 
(13, No. 1; January-February 1961). Beans in 
many individuals produce hydrogen and methane. 
which also are detectable by chromatography \ 
chemical and leaching process was developed by 
the food research group to make more 
generally digestible and greatly reduce gas forme 
tion, while not altering their taste. The breath 
analysis technique was a useful tool in proving the 
bean treatment. 

The individua! digestive idiosyncrasies of animals. 
which cannot announce the fact that they have ‘heart 
burn’, may be detected by the chromatograp) 
method. Various medical applications have also been 
suggested. For example, because intestinal bacteria 
populations increase rapidly by feeding on foods 
undigested in the stomach, the chances for future 
digestion problems are increased. With individual! 
analysis, it may become possible to control the 
number of undesirable bacteria through selection 
of easily digested foods which will ‘starve them 
out’. 


beans 
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A RADIO WAVE MECHANISM TO ACCOUNT FOR THE KNOWN 
DISTRIBUTION OF VAN ALLEN BELTS ABOUT THE EARTH 


By JOSEPH M. BOYER 


Northrop Corporation, 


NUMBER ot related to the 
A ent rapment of charged part icles in the Van Allen 
belts about the Earth appeal solely to the magneto 
static field of the Earth or Sun for the ‘bottle’ 
trap mechanism. It may value, 
versely, to ascertain if the Van Allen belt phenomenon 
can be predicted in some detail by a simple theory 
which deliberately omits any recourse to the magneto 
static flux of the Sun or Earth as a charge-trapping 

Due to the work of Mie® and Debve' it may be 
shown that upon the closed surface of a spherical 
body of matter a svatem of resonant modes of current 
will be established by illumination of the body by 
incident vibrating at fre 
quencies within a certain portion of the spectrum 
called the ‘critical band’. Excitation of such resonant 
surface current modes on the spherical body will, 
in turn, produce maxima in the scattered electro 
magnetic fields in the spherical directions 9, 0, of 
the space surrounding the body; such field distribu- 
tions will differ from those established by the same 
body when illuminated by waves having vibrational 
frequencies lying outside the ‘critical band’ spectrum 
region. Here, the electrical constant of the matter 
comprising the spherical body is denoted k,, and the 
electrical constant k, of the immersion medium about 
the body is first assumed to be that of a vacuum 
We have: k,e = e,/e,; kyu hy 
S854 «x farads/metre (M.K.s.) ; Kou 
1-257 x 10°* henries/metre (M.K.s.); and k,/k, is 
other than unity in terms of the critical band fre 
queney spectrum considered 

Now, let the medium k, contain a 
spectrum of electromagnetic ene rgy emitted by a 
distant that wave-fronts are essentially 
plane in the vicinity of the sphere. By the spherical 
vector wave-finetions. the resultant electromagnetic 
tield will be: 


recent theories!? 


or 


be of some con- 


electromagnetic waves 


eontimuous 


source 


M, + b,N,). 

n 
The particular solution of equation (1) for 
~phere well known; therefore the reader 
referred to the excellent treatment of the series by 
J. A. Stratton’ for details. By means of equation (1 
we can secure the relationship of wave-length % to 
sphere radius a for the first three significant resonance 
These are: 


No. 1. 


(a,N,M 


wu 


the 


is 


Is 


modes 


No. 2. - 2-30 


No. 


= 345 

1-82a 

using the wave-number 27/A in standard notation. 
Permit the Earth, stripped of its atmosphere, to be 

considered the spherical matter zone immersed in 


space A line x is drawn from the centre of the 


Beverly Hills, California 


Earth along the ecliptic plane to terminate at a 

point o. The length of the line « is 149-5 10° kin 

The source of incident waves is located at point o 

For the Earth sphere with a mean radius equal to 

6,371-23 km.. the first three resonant modes may now 

be ascertained : 

No 40-01 x ke 
Frequency 7°49 cycles ‘sec 

No. 2. 3 7-39 x 10° 2-73 
Frequency 17-25 ecycles/see. 

No. 38 ? 11-59 


Frequency 


arth radii 


m. Barth radu 


10® m “adi. 


25-88 cveles 


Effects which take place along the line the 
result of electromagnetic resonances of the illu ninated 
Earth are of first For the Miw 
scattering of the Earth at modes 1, 2 and 3, we can 
determine the magnitude the secondary field 
established in the direction of 0, compared with a 
fictitious isotropic scattering body which maintains 


its 


interest ot 


of 


a constant field E* in all spherical directions 9, 4, 
when radiating @ total power Ps Lsotropi The 
scatter field magnitude in the direction o is called 
backscatter*® cross-section Fig. the back 
scatter cross-section o of a highly conducting sphere 
(solid line) and that of a water sphere (dotted line 
normalized with respect to ma* 


1 shows 


Backscattering from spheres (from Aden) 
Ka = “* 


water sphere 


a, radius of sphere; a 


-, Metal aphere; 


igs 477* 
| 
| 
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noted that the backscatter cross-section 
illu with energy vibrating at 
within a eritieal bandwidth, 


to 6-0, differs markedly 


wall be 
sphere inated 
f approdim 
from the 
Within 


seen that peaks and minima 


req Ss 
ately 2 

case of either Rayleigh or pret ular scatter 
band, it is 
magnitude of the 
Fig. | discloses that 
constant of the making 
atfect 
does not 


the eritical 
vident in the backscatter cross 
although the 


ip the 


art 
ection Ayain, 
‘leetrical matte 


spherical back 


the magnitude of 
disturb the 


electromag 


sensibly 
the 
energy scattered back in the 
standing 


catter cross-section tt 
relationship of 


The 


establish 


radius, wave-length 
netic TesOMances 


lirection o will electromagnetic 
waves’ along this axis due to phase interference with 
the ineident field The imtensity of the maxima 
loops) of such standing will be greater for 
those wave-lengths within the critical band producing 
resonance conditions with the Earth sphere, although 
all finite magnitudes of backscatter field from the 
Karth will introduce some standing wave phenomenon 
for frequencies the illumination spectrum 
Emphasis is placed, however, on the 
decelerating 


within 
very lowest 


frequency resonances as a mechanisin 
for high-energy particles. 
\ L. Aden* has demonstrated the 


electromagnetic backscatter standing waves produced 


existence of 


by water and metal spheres in experiments conducted 
at a wave-length of 16-23 em. As the scattered field 
from the Earth is a spherical wave in the vicinity 
of the planet, the standing wave which results ts 
damped by radiation Its configuration. for a single 
frequency, 1s therefore a damped sinusoidal wave 
along the line 2, the position of the loops and nodes 
stationary, with an amplitude variation at a period © 
It must be admitted that employment of an Earth 


stripped of its atmosphere envelope introduces some 
grounds for objection to the realism of the model 
In this cursory survey of the theory, 


offered so far 
only an approximation of the true radius of the 
shell will be made, for it is clearls 
rigorous treatment will display a 
frequency term for the extremely low 
frequeney scatter radius, with complicated entrapped 
wave effects occurring at the high frequency end oft 


Karth seattering 
that 
sele« tive 


evident 


the spectrum 

The Lyman-Spitzer analysis'® of the planetary 
atmosphere shell is selected as a model. The Spitzer 
atmosphere acts like a gas up to about 600 km.. 
with lighter gases predominating in the atmosphere 
population above about 300 km. Although free 
electron densities quoted by authorities differ to 
~ome degree, sufficient accuracy here will be attained 
by use of a density with peaks at about 
200 km.''!. then decreases at higher altitudes. A mean 
scattering shell altitude of 300 km. will be selected. 
producing a total sphere radius of 6,671-23 km. The 
atmosphere ‘corrected Earth will then introduce 
resonance modes in the illuminating spectrum at the 


curve 


following wave-lengths 

Ne. 41-89 x 10° m 
Frequency 7°16 evcles set 

No. 2. A 18-21 x 10° m 
Frequency 16-47 cycles sec 

No. 3. > 12-14 x 10% m. 1-9 Earth radu 


queney 24-71 evecles/sec 


6-57 EKarth radii 


2-86 Earth radii. 


Fre- 


1 am confining attention in this article to the 
electromagnetic standing waves along line generated 
by seatter interference only at wave-lengths Nos. 1, 2 
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ain l 3 
standing 
taken directly 


The position radially from the Earth for each 
distribution may be computed or 
from the Aden 


There wW ill be no interaction bet Ween 


wave 
given 
in the reference. 
such individual frequeney fields existing along x if we 
assume initially that the space 4, surrounding the 
is free of all charves This pure field or fiet 
tious state will be labelled the particle-free standing 
Under this condition, exanunation of the 

characteristics of the incident 
conditions for maxi 


wave Case 
polarization and 
scattered wave shows that the 
mum mterference between the two fields can 
only within a narrow, solid 
toward the point o, with the muasgnit nude of the induced 


standing wave distribution falling off in other racial 


angle cone pomnt ing 


clirect roms 0. 
Now, let the radiant source at 
electromagnetic waves but also high-energy charged 


o not only generate 
some of which approach the Earth along 


part les, 
Coleman’ has examined 


axis J. R 
my mattes-induced 
theory in terms of the electron capture mechanism 
involved in the radio-frequeney case. L. M. Koy 
rizhnvkh and V. H. Veksler' have studied a similar 
situation involving capture both 
charged and neutral particles in a radio standing 
These analyses emphasize 


the imeident 


electromagnetic standing-wave 


oscillations of 


wave type cyclotron. 
that for a fixed loop field strength of an electro 
rayne tic standing wave the force exerted on the 
particle is proportional to wave length. In terms of 
decelerator action, Coleman notes that even in the 
case of a ‘solar wind’ electron moving at a velocity 
of 10° m./see. capture will occur when such particle 
is injected into a radio standing wave the funda 
mental wave-length of which lies between 10 «x 10° 
and 60 x 10° m. with a loop tield-strength of 0-17 
Vim. Such extreme particle velocity, of Course, is 
not required in the study of the Van Allen belts 
found near the Earth, but assumes importance in 
terms of wave-length/field strength 
for much larger planets such as Jupiter or Saturn. 
the first-mode resonance wave-length of which ts 
at least 439 x 10° m. Coleman also makes a pre 
liminary extension of the equivalent black-body 
temperature of the Sun into the Earth critical spec 


requirements 


trum band with encouraging results. 
Briefly, then, we have a planetary 
illurnmination from a radiant source of large size such 
as a star. inducing electromagnetic standing waves 
along the ineident direction Here, individual 
frequency components of such standing waves do not 
interact field-wise but do act on the injected charges 
in such a manner that an integrated force obtains, 
with the longest wave components of the stationary 
Particles injected 


mass, under 


wave producing first-order effects. 
into such standing-wave envelope region will either 
be captured if the mass/velocity relationship to wave 
length field strength is critical or be deflected as if 
by an electromagnetic lens and escape. The require- 
ment for a mechanism to establish the radial Van 
Allen belts observed about the Earth is still not 
satisfied, however, by this model, for appreciable 
magnitude ‘capture’ fields in the form of large 
intensity standing waves do not exist at other than 
the incident axis direction. 

However, now let an injected particle. say. an 
electron, be captured by the incident axis electro 
magnetic standing wave. Once capt ured, the electron 
enters into a steady-state condition which I shall 
the Such particle, as 


term particle-wave case. 


| 
: 
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tf Earth rad 


Distribution of kn Van 
Earth dipole resonance in solar el 
Allen belt distribution (after Simps 


magnetic standing wave envel 


Rarth sunwar 


Allen be pare 


entre of 


wr 


Van 


Coleman shows, will oscillate along a path concentri 
with the incident axis «. Studying the Coleman 
analysis, I realized that appealing to electro 
theory. such an oscillating charged particle 
Neglecting the 
ramifications of the relativistic mass of such oscillat ing 
particle in this article, it is clear that the partich 
becomes a new source of low frequency radiation im 
the Earth capture model. Due to the extremely low 
frequency of the entrapping wave, the particle Space 
current constitutes an extended line the 
Poynting vector of the  particle-generated wav: 
must, therefore, lie normal to the incident axis a 
Radiation of electromagnetic energy in the direction 
normal to axis 2 will introduce increased magnitudes 
of interference with the sphere scattered wave in a 
new direction 9, 9 displaced off the incident axis 
lhe effect of this interference is to increase the width 
of the conical standing-wave region pointing to the 
The process is now cumulative in that newly 
injected particles can be entrapped or else migrate 
into the widened solid angle zone of standing wave to 
scillate along new radial directions. Ultimately. the 
planet will be surrounded by a set of anular zones of 
standing waves with loops and nodes distributed 
radially. 

Fig. shows the mathematical average envelope 
obtamed by SuUperinposit ron of the standing Waves 


bv 
magnetic 


becomes a source of current in space. 


source ; 


source 


i with cak 
illuming 


ulated wave 


solely resonance: 
2 and 3 of the Earth exo 
is 


resulting 
modes 1. 
sphere scatter model traced 
solid line The radial distribution 
of the closest Van Allen belts afte: 
Simpson et al.'* is given as a dotted 
line. It will be seen that a 
imum in envelope intensity (loop 
exists close to the 1-5 Earth radu 
position of the known proton belt, 
and the anomaly in the 
belt at 2-85-3-0 Earth Is 
evident without recourse the 
Cape Town variation in the Earth 
magnetostatic field. Beyond 4 
Karth radii, the computed field 
envelope falls off more rapidly than 
the distribution given by Simpson. 
with a maximum produced 
at about Earth radi. It 
felt’ that model based on 
larger number of critical band fr 


electron 


to 


due t 
ition 
d Earth electro new 


44 


a 


is 
thre 
widitron of a 
queney components, as well as an extension of the 
radial distance seale, will fit the known belt distribu 
tion satisfactorily 

Caleulations by me of the standing wave distribu 
tion in a plane normal to the ecliptic (8) shows that 
when the first three resonance modes are super 
imposed, a deep null or electromagnetic ‘pole’ occurs 
at 93 degrees above the radio ‘equator’ or ecliptic 
plane of the Earth, permitting deep penetration of 
particles in the high latitudes 
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OBSERVATION OF FAR-INFRA-RED RADIATION FROM SHOCK WAVES 


By M. F. KIMMITT, A. C. PRIOR and P. G. SMITH 


Royal Radar Establishment, Malvern 


in the wave-length 


obser ed 


NFRA-RED 
O-1-0-6 


radiation range 


has 


I 


trom a plasma generated by a shock wave 
This work follows a successful joint experiment with 


mm, been in the emission 


In argon 


Har 


wave 


Research Establishment. 
in the ot 
obse rved plasmas 


the Atomic Energy 
well, in which 
lenyths O-1-1-6 
produced in Zeta 
for the latter experiment, the details of which are 


the emission range 


mm. Was trom 


The apparatus used was designed 


The spectra obtained 


shock 


bemg published elsewhere'. 


from the observations on the tube described 


here, from those Zeta, characteristic of 
bremsstrahlung, but show regions where the emission 
is reduced by the black-body limitation. 

Under the conditions of these experiments, and in 
the line and band 


spectra between atomu 


on are 


ais 


examined, 
from transitions 
between energy-levels of molecules 


wave-length region 
arising 
energy -levels, or 
present as impurities, should be absent or insignificant 
The should therefore be due 
entirely to free-free electron transitions (bremsstrah- 
lung) which, according to the calculations of Gaunt? 


observed emission 
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Fig. 1. Oscilloscope traces obtained without spectral resolution 

(a) Heavily absorbing plasma produced from shock into 1 torr 

irgon. (5) Relatively transparent plasma produced from shock 
into 0-25 torr argon 


and Cilhe*, result in a surface brightness Peg given, 
kT’, by 
10% g neu d dv watts/ 
em.*/steradian/em.-! (1) 


he n hvu 


dv 


where Z is the ionic charge, 7’ the absolute tempera- 
ture, n, and m the electron and ion densities, d the 
plasma thickness, v the wave number, and gq the 
(;aunt correction factor given by 

g=(4/3/r) In (3kT/2hve) 

If we take n, =n, =n, Z=1, and a mean value of 3 
tor g, these being appropriate to the conditions of 
the experiment, (1) reduces to : 
n? d dy watts/cem.?/steradian,; 


em. ! (2) 


Pog dv 


This expression neglects self-absorption, which will 
revent the emission 
ripe the black body 

appropriate temperature, 7; it 
plasma effects, 
md applies only at frequencies 
sufficiently that 


exe eod 
the 
also 


from 
value for 


neglects resonance 


tor plasma 
resonance 
The radiation 
crystal quartz window of diameter 
ime the of the shock tube 
diameter, and passed into 
which 


Roberts: a 


emerged through 


om 


thie specetrometel has been 


briefly 


cone 


cle seribed by 
of radiation of half-angle 12 
window. 
bolo 
described by 


as accepted through the 
The detector was a 
meter that 
Boyle and Rodgers®, and had a time 

nstant of about 
woplified output bemg displayed on 
The band ot 
normally 
length to 


carbon 
similar to 
msec... the 
oscilloscope 
thie spectrometel Is about 
10 per cent of the 
vhich it os set, but 
gnal was required in order to ex 


wave 


where a greatet 


amine pulse shapes, the whole spe: 
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The length of heated gas behind the shock front 
was about 50 cm. as it passed the window, and its 
velocity about 5x 10° em./sec. the corresponding 
transit time of 100 usec. was much less than the time 
constant of the detector, which therefore gave an 
approximately integrated signal. The shock-tub: 
walls are silvered and would be expected to have 
a reflectivity of 98-99 per cent. For a heavily 
absorbing plasma, the signal received from the 
plasma covering the window and filling the spectro 
meter aperture is preceded and followed by a signal 
of about half the value, only half the spectro 
meter aperture being then filled with radiation 
rhis is demonstrated by Fig. I(a), where the steep 
central portion of the integrated signal is pre 
ceded and followed by portions of lower slope. The 
transit time of the hot gas as deduced from Fig 
l(a) agrees with that obtained independently from 
measurements by resistance thermometer. For a 
plasma having negligible absorption, and with per 
tectly reflecting walls, the radiation received should 
be independent of the position of the shock wave in 
the tube, since each part of the plasma will fill one or 
other half of the spectrometer aperture, for all posi 
tions of the plasma in the tube. This is demonstrated 
in Fig. 1(6), where no abrupt changes of slope ocew 
but only gradual changes due to imperfect reflectivit\ 

In prineiple, the instantaneous radiation intensit\ 
can be deduced by measuring the slopes on photo 
graphs such as Fig. 1. In practice, the signal was 
generally too small for this, and instead the peak 
amplitude was measured and related to the slope by 
comparison with traces obtained without spectra! 
resolution, where the slopes could be measured ; 
the results are plotted in Fig. 2. The shock-wave 
Mach number was measured by means of resistance 
thermometers spaced either side of the spectrometer 
aperture at approximately 1 metre apart. At an 
initial pressure of 1 torr of argon, a Mach number ot 


15 was measured. From the theoretical calculations 


lack | y 
at 11,000 


rum from Ol to 1-5 mm. wave 


could be accepted, ein 
energy sensitivity of the 
was calibrated by comparison 
\ black body of known temperature. 


length 
with 


Wave-length (mm.) 


Observed radiation 
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of Frood (private communication), these shock-wave 
onditions should give a temperature of ~ 11,000°K. 
ind an electron density of ~ 3x 10'® em.-’, assuming 
equilibrium to be established in the plasma behind 
the shock front. For this temperature and density, 
equation (2) would, for a wave-length of 0-1 mim., 
sive a value of brightness equal to that from a black 
hody if d were put equal to about 1 mm. Thus a 
black-body spectrum is to be expected, and the 
experimental points do in fact fit the 11,000°K. 
black-body curve better than would be anticipated 
rom consideration of likely calibration errors of the 
spectrometer. Since the available thickness of the 
allowing for reflexion from the walls, is 
~ 150 em., any density n greater than ~ 10" cm. 
ould be adequate to account for the black-body 
shape of the spectrum. However, the abrupt changes 
f gradient in Fig. l(a) already discussed show that 
the radiation penetrates only a small portion of the 
plasmna, and this raises the lower density limit to 
about 2-3 x 

For an initial pressure of 0-25 torr of argon, the 
values of temperature and density caleulated from 
the shock-wave parameters are 7’ ~ 11,000°K. and 
em.-*. The approximately flat part of 
the spectrum indicates that the absorption for the 
short wave-lengths must be small, as confirmed by 
the pulse shape (Fig. 1(b)), so that for this region 
equation (2) should apply ; using this with d= 100cm. 
length = 35 a value of n ~ 6x 10" is 
The observations at the lonyer 


plasma, 


shock em.) 


obtained wave 


NAT 


URE 


lengths give agreement with the calculated 
temperature. The single observation with an argon 
pressure of 0-5 torr being slightly below the black 
body curve indicates a value of n ~ 10" cm.-* 
compared with 2x 10'* % deduced from 
shock-wave parameters 

All the measurements, both of shock-wave para 
meters and of radiation, are rather crude time aver- 
ages for shocks which were probably decaying at a siz 
nificant rate. Under these conditions, the agreement 
of the temperature deductions is remarkably good. 
and the lower densities deduced from the radiation 
measurements are reasonable, the calculated 
densities are for thermal equilibrium, which may 
well not be reached. 

These exploratory measurements have indicated 
the potential value of far-infra-red spectroscopy for 
shock-wave plasma diagnostics. Investigations of 
plasmas with electron densities greater than ~ 5 x 10'* 
em.~*, which are beyond the range of standard micro 
wave methods, should be possible, and with a faster 
detector® now being actively developed, much more 
detailed information should be obtainable than in 
the present experiments. 
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PHOTOPRODUCTION OF HYDROGEN, PHOTOFIXATION OF NITROGEN 
AND A UNIFIED CONCEPT OF PHOTOSYNTHESIS 


By Prot DANIEL I. ARNON, Dr. M. LOSADA, Dra. M. NOZAKI and Dr. K. TAGAWA 
Laboratory of Cell Physiology, University of California, Berkeley 


Y fractironating isolated chloroplasts, it has been 
B demonstrated experimentally that the overall 
process of photosynthesis can be separated into a 
lizht and a dark phase'. The dark phase includes a 
series of reactions, driven by adenosine triphosphate 
and reduced triphosphopyridine nucleotide, that 
convert carbon dioxide into carbohydrate'-*. Since 
the same series of dark reactions is now known to 
oceur also in non-chlorophyllous cells’:*, it is appro- 
priate to regard carbon dioxide assimilation as 
another example of cellular activity which is essen 
tially similar in photosynthetic and non-photo 
~vnthetic Consequently, carbon dioxide 
assimilation regarded as lying essentially 
outside the domain of photosynthesis proper*. (This 
conclusion is based on the fact that grana, as con 
trasted with whole chloroplasts, cannot assunilate 
carbon dioxide to the level ef carbohydrates but 
retain a capacity for photochemical oxygen evolution 
photosynthetic phosphorylation®'. Our concept 

ould not exclude a catalytic participation of carbon 
lioxide in the mechanism of oxygen evolution as has 
recently been proposed by Warburg et al.*4 and 
supported by Stern and Vennesland*.) 

What is peculiar to photosynthesis is its light 
phase. For green plants this comprises the light 
reactions that produce adenosine triphosphate and 


cells 


must be 


reduced pyridine cyclic photophos 
phorylation (equation 1) and non-cyclic photophos 
phorylation (equation 2). The terms ‘cyclic’ and 
‘non-cyclic’ denote the respective  electron-flow 
mechanisms’® that we have postulated to explain 
the experimental findings which are summarized by 
reactions | and 2. 


light 


n ADP + n-H,PO, 


2 TPN + 2 ADP + 


Cyche photophosphorylation (reaction 1), a re 
action that produces only adenosine triphosphate. 
has been found in every photosynthetic organism 
tested so far: higher green plants''-**, algae*!-** and 
photosynthetic bacteria**-**. This is in 
with the view presented that eyelid 
photophosphorylation (reaction 1) is the 
denominator of all photosyntheses in plants and in 
bacteria. By contrast, non-cyclic photophosphory! 
ation, as represented by reaction 2, has thus far been 
found only in chloroplasts. 

The assimilation of carbon dioxide to the level of 
carbohydrate requires, in addition to adenosine 
triphosphate, reduced pyridine nucleotide. In 


agreement 


common 


Iso 


a 
AP 
kg 
of 
a 
= 
2 TPNH, + 2ATP +O, (2 
| 
z 


lated chloroplasts, these joint requirements fot 


carbon dioxide are satisfied by a 
combination of eyvelic and 


(reactions | and 2 in photosynthet 


assimilation of 
non evche photophos 
phorylation 
bacteria, we have previously investigated only th 
case in which the electron donor was hydrogen pas 
The contribution of light then limited to the 
formation of adenosine triphosphate by evel photo 


Wiis 
phosphorylation (reaction 1); reduced pyridine 
nucleotide formed in a ‘dark’ reaction, at the 
expense of hydrogen gas** We had no experimental 
evidence non-ceyelic photophos 
phorylation mechanism im photosynthetic bacteria 


was 
previously for a 


which would be analogous to non eve he photophos 
phorylation in chloroplasts. 

rhe purpose of this article is to present a unified 
concept of photosynthesis that includes both evelu 
mechanisms in photo 
Evidence for 


and non-cyclic electron-flow 
synthetic bacteria and green plants 
the operation of a special non evelic electron flow 
mechanism (without oxygen evolution) in photo 
synthetic bacteria obtained by 
not only photoreduction ot pyridine nucleotides 
but also photoproduction of hvdroven and photo 


Was measuring 


fixation of nitrogen gas 


Non-cyclic Electron-flow in Bacteria 
thio 


a) Photoproduction of huydroqge Gas from 


sulphate Photoproduction of hydrogen gas by 
photosynthetic cells was first observed by Caffron 
and Rubin in the green alga Scenedesmus®™ and by 
(jest and Kamen in photosynthet i bacteria®*. In 
alyae, the photoproduction of hydrogen seemed to 


depend on internal ¢ lectron donors of metabolic 
origin®*, whereas photoproduction of hydrogen by 
pl otosynthetic bacteria appeared to depe nd on the 
exogenous and 
lhe hvdrogen evolved has been thought 


33,40 


presence of acids carbon 


to arse from a photodecomposition of water 


organic 


ol 
from a decomposition of a-ke toglutaric acid® 

From the point of view of the electron-flow theory 
of photosynthesis! 
photolysis of water, the photoproduction of hydrogen 
could be viewed as a reduction of H* by a hydro 
venase with the aid of electrons expelled from excited 
chlorophyll In with 


which does not involve a 


molecules*! accordance 


that theory, electrons expelled from chlorophyll 
vould be replaced by ¢ lectrons donated by evto 
chromes, which would then become oxidized. The 


oxidized evtochromes would in turn become reduced 
The evtochrome 
<ystem in photosynthet would thus be 
gateway for the entry of electrons and for theu 
anster to chlorophyll where they 
at the expense of the energy of absorbed light, to a 
potential sufficient to reduce H* (ef. refs. 41 and 42) 

If this interpretation were correct, then photo 
production of hydrogen by photosynthetic bacteria 
should oceur at the expense of simple, phy sidlogically 
a possibility for 


donors 
bacteria 


by the external electron 


1 would be raised, 


suitable, inorganic electron donors 
which there was no experimental evidence®’ We 
therefore uncle rtook to investigate the phe toproduc 
tion of hydrogen from thiosulphate by Chromatium 
cells 

Fig. | that 
reduced by thiosulphate, and can serve, therefore. as 
a pomt of entry for electrons from that 
Fig. 2 shows that in the light. but not in the dark 
vas was evolved by Chromatium cells in the presence 


shows Chromatiam cytochromes are 


source 
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on 


= 


400 500 600 
A (my 
Fig Reduction of Chromatinm ¢ chromes | t 
na cell-free system. Reaction mixture included 


of 3-0 ml... O1 M tris buffer, pH 7-8: chromatophores « 
0-1 mgm. bacteriochlorophyll and supernatant fluid corresponding 
to 03 mgm. bacteriochlorophyll., 20 amoles of thiosulphate wer: 
sdded to one of a pair of Thunberg-type cuvettes and the resulting 
lifference spectrum was measured in a Cary spectrophot et 
after 20 min, at room temperature Gas phase, argon 

of thiosulphate. No carbon dioxide was supplied and 
potassium hydroxide was present in the centre wel 
of the reaction vessel. Evolution of gas ceased when 
the light was turned off and was resumed when light 
The gis evolved was identified 


was turned on again 
as hydrogen by adsorption on palladium asbestos'- 
rhe photoproduction of hydrogen gas was dependent 
on the concentration of thiosulphate, and 
abolished bv heating the cells (Fig. 3 The photopre 
duction of hydrogen gas approached the stoichiometry 
of reaction 3, that is, for one molecule of thiosulphate 
used, two electrons and two protons were combined 
with the aid of hvdrogenese and evolved as hydrogen 


Waits 


gas. 
The evolution of hydrogen by illuminated Ch 
atium cells showed a marked dependence on pH (1 


T — 
LIGHT 
— 
ut 
0 J 
Mir 
Fig. 2 pe ndent evolution hvdrog was if t 
sulphate by Chromatium cells The reaction mixture included 


0-1 gm. of washed cells, suspended in 2-6 ml. of a modified nutrient 
solution from which nitrogen compounds were omitted, 0-3 ml 


0-5 M tris buffer, pH 7-2, and 0-1 mi. of 0-2 M sodium thi yssulphat 

0-1 mi. of 20 per cent potassium hydroxide was put in the centre 

well of the Warburg manometer flasks rhe reaction was run at 
Gas phase, argon IHumination 50.000 
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- 
= (OO 
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Na, 4776 


42). The reaction was very vigorous at pH 6-5, but 
little hydrogen was evolved at pH 8-0. 
Photoproduction of hydrogen from thiosulphate 
was inhibited by nitrogen gas and ammonium ions*?, 
the hydrogen in the presence 
However, neit he r 


evolution of 


donors** 


as 1s 
of organic electron 
ammonia nor nitrogen gas inhibited fixation of carbon 
am cells when thio 
This indicated that, 
ex periments 


dioxide by tluminated Chromat 
sulphate was the electron donor 
although under the 
ammonia and nitroven mbhibited the flow of electrons 
to H*, they did not inhibit the flow of 
that is required for assimilation of carbon dioxide 
by way of pyridine nucleotide 


cont of our 


elec trons 


Growimg Chromatium cells were found, by analysis, 


to have oxidized in four days 27 
thiosulphate to 54 millimoles of sulphate 
this period the appearance of the culture indicated a 
transitional formation of elemental sulphur. The 
results are in agreement with the following sequence 


millimoles of added 
During 


of reactions, in which thiosulphate is the donor of 
electrons that are activated by light and used either 
for the assimilation of and into 
cellular substance or for the photoproduction of 
hydrogen gas: 


earbon nitrogen 


light 
+ 2 OH -S + 
light 
OH 


H.O (3) 


SO, 


(4) 


lark 
10 H,O -10 He + 10 OH 


light 
+ 5H,O -2S0, 10 H* (6) 


The proposed electron-flow mechanism*® for the 
photoproduction of hydrogen from thiosulphate en- 
visages the following electron transfer: 


H, 


Sum: 8,0 + 8e- + 


3 


hydrogenase 


thiosulphate 


- cytochromes —- chlorophy ll 


sulphate 
light 


The results with thiosulphate’ provided the first 
experimental evidence for hydrogen evolution de 
pendent on light, from an ‘inorganic’ electron donor 
by a photosynthetic organism. Similar results were 
obtained when thiosulphate was replaced by succinate 
as electron donor*', 

It appears, therefore, that Chromatium uses light 
energy to raise electrons, supplied by thiosulphate to 
chlorophy ll, via eytochromes, to a reducing potential 
at least equal to that of molecular hydrogen. We 
have also observed evolution of hydrogen gas in the 
dark by cell-free Chromatium preparations when the 
electron donor was dithionite, a substance that pro- 
vides electrons capable of reducing protons without 
requiring additional energy (a catalytic amount of 
benzyl viologen was used as an electron carrier in 
this dark reaction). 

(6) Photofixation of nitrogen gas. Nitrogen fixation 
by photosynthetic organisms (refs. 45, 35, 38, 46-49) 
may also be viewed as resulting from a non-cyclic 
electron-flow in which electrons pass from an external 
electron donor, via cytochromes, to chlorophyll 
excited by light, and thence to molecular nitrogen. 
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Hydrogen 


oo none 
heated cells) 
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30 40 50 
Min 
n of hydrogen gas by Chromatium cells as 
a function of ntrol vessel contained 
cells that had been heated at 100° C. for 10 min. Other experim- 
ental conditions are as described for Fig, 2 


Fig. hotoproduct 


idded thiosulphat rhe ¢ 


This interpretation was substantiated by using 
thiosulphate and succinate as electron donors for 
fixation of nitrogen gas by illuminated Chromatium 
cells®®, Fig. 4 shows the result of photofixation of 
nitrogen gas with thiosulphate as the electron donor, 
Similar photofixation of nitrogen was obtained with 
succinate as the electron donor. In both cases, 
Chromatium cells fixed nitrogen only in light. Fixation 
ceased when the light was turned off and was resumed 
when the light was turned on again. The dependence 
of nitrogen fixation on light and an external electron 
donor was confirmed by the nitrogen-15 
isotope (Table 1). We are indebted to Dr. C. C. 
Delwiche for the determinations of nitrogen-15. 

In the case of thiosulphate, photofixation of nitro- 
gen was greatly increased by the addition of oxal- 
acetate (Fig. 4), which probably acted as an amino- 
Succinate served both as electron 


use of 


group acceptor. 


en fixed (umoles) 


Nitr 


contro/ | 


10 20 : : 60 
Min 


Fig. 4. Effect of thiosulphate and oxalacetate on photofixation 
of nitrogen gas by Chromatium cells. The reaction mixture included 
in a final volume of 2-9 ml., 0-1 gm. of washed cells, suspended in 
a modified nutrient solution, pH 7-2 (from which nitrogen com- 
pounds were omitted). 20 micromoles each of thiosulphate and 
oxalacetate were added as indicated O1 ml. of 20 per cent 
potassium hydroxide was put in the centre well of the Warburg 
manometer flasks. The reaction was run at 30° C, Gas phase, 
nitrogen Illumination 50,000 lux 
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Table 1. Evveet OF Light AND ELECTRON DONORS ON FIXATION OF 
NITROGEN GAs BY Chromatium CELLS 


Nitrogen-15 atom 


rreatment per cent excess 


Dark, succinate 0-004 
Dark, thiosulphate + oxalacetate 0-003 
Light 
Light, succinate 1-049 
Light, thiosulphate + oxalacetate 1-467 

40 micromoles each of thiosulphate, oxalacetate and succinate were 

added as indicated, Other experimental conditions as in Fig. 4, except 

that no potassium hydroxide was included, and the gas atmosphere was 

¥O per cent argon and 10 per cent nitrogen containing 30 atom per 


cent excess nitrogen-15. Reaction time was 2 hr 


donor and as a source of the carbon skeleton that is 
needed for accepting an amino group. 

In preliminary experiments, when cell-free Chrom- 
atitum preparations were supplied in the ‘dark’ with 
a mixture of hydrogen and nitrogen gas, they absorbed 
more gas than in the control treatment in which the 
phase consisted solely of hydrogen This 
to indicate that cell-free Chromatium preparations 
can fix nitrogen, with the aid of hydrogen gas as 
the electron donor-— an inte rpretation that was 
in agreement with experiments using nitrogen-15 
Table 2). Photofixation of nitrogen-15 by cell-free 
(‘hromatium preparations, although low by com 
parison with that by whole cells (Table 1) was above 
the level of significance of isotopic identification with 
the mass spectrometer used. 


fable 2. NITROGEN-15 FIXATION IN THE DARK BY CELL-FREE 
EXTRACTS OF Chromatium 
Nitrogen-15 atom per cent excess 
No Reductant added Experiment A Experiment B 
None 0-0255 0-0274 
2 Red:ced diphosphopyridine 
nucleotide 0-0480 
3 Hydrogen gas 0-0362 0-0430 


rhe reaction mixture contained in a final volume of 3 ml.: cell-free 
extract, containing 0-3 mgm. bacteriochlorophyll, and the following 


in micromoles: trie buffer, pH 7°83, 100; magnesium chloride, 5; 
benzyl viologen, 0-2. Vessels 1 and 3 received 0-5 ~mole diphospho- 
pyridine, and vessel 2, | amole reduced diphosphopyridine nucleotide 
All vessels received 0-5 atmosphere nitrogen containing 96 atom per 
cent excess nitrogen-15. Treatment 3 received in addition 0-5 atmo- 
sphere hydrogen gas. The experiment was run at 25° C. for 2 br. in 
the dark 


These findings appear to support the view that the 
role of light in photofixation of nitrogen by Chrom- 
attum is to generate electrons with a reducing 
potential that is at least equal to that of hydrogen. 
When exogenous hydrogen was supplied in the gas 
phase in the dark, light was no longer necessary for 
the fixation of nitrogen. Pyridine nucleotides seemed 
to mediate the reduction of nitrogen. However. the 
experiments on nitrogen fixation by cell-free Chrom- 
attum preparations are at an early stage and it would 
be premature to draw final conclusions. 

(c) Photoreduction of pyridine nucleotides. The 
photoreduction ot diphosphopyridine nucleotide was 
observed by Frenkel*' and Vernon and Ash*® in 
Rhodospirillum rubrum, and by Ogata et al. in 
Chromatium. In more recent experiments we have 
found that in the presence of succinate and light, 
unwashed chromatophores from R. rubrum, unaided 
by enzymes from chloroplasts (cf. ref. 32), reduce 
both di- and tri-phosphopyridine nucleotide. 

We have previously emphasized'®-?* that Chrom- 
atvum is capable of reducing pyridine nucleotide in 
the dark, when supplied with exogenous electron 
donors, such as hydrogen gas, which yield electrons 
at the redox-level of pyridine nucleotide. The 
reduction of pyridine nucleotide is dependent on 
light when photosynthetic bacteria are supplied with 
exogenous electron donors, such as succinate, which 
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yield electrons at a redox-level insufficient for 
reducing pyridine nucleotide without an additional 
input of energy. It should be noted, however, that 
in the case of succinate, the relatively low redox 
potential characterizes only the first oxidation step. 
that to fumarate. As fumarate is transformed to 
malate, Chromatium can use it to reduce pyridine 
nucleotide in the dark?’. 

Experiments with cell-free systems of R. rubrum. 
to be reported elsewhere (Nozaki, M., Tagawa, K.. 
and Arnon, D. I.), indicate that the non-cyclic elec 
tron transport in photosynthetic bacteria that results 
in pyridine nucleotide reduction is coupled with 
formation of adenosine triphosphate, thus providing 
a parallel to non-cyclic photophosphorylation im 
chloroplasts’-*. Experiments are now under way to 
determine whether the formation of adenosine tri 
phosphate is also coupled with the non-cyclic electron 
transport that results in the photoproduction ot 
hydrogen or photofixation of nitrogen gas. 

To recapitulate, the reduction of pyridine nucleo 
tides, the fixation of nitrogen and the evolution of 
hydrogen from such electron donors as thiosulphat« 
or succinate are reactions that in photosynthetic 
bacteria have been found to require an input of light 
energy. These photochemical reactions suggest the 
existence of a non-cyclic electron-flow mechanism in 
photosynthetic bacteria as represented diagram 
matically in Fig. 5. 


NH3 


He No PNH 


Cyt<— 


~P 
LIGHT 


Fig. 5. Scheme for non-cyclic electron flow in Chromatium. 
Details in the text 


Non-cyclic Electron Flow and the Evolution of 
Photosynthesis 

Until recently, cyclic photophosphorylation was 
the only experimentally demonstrable common 
denominator of the mechanism of photosynthesis in 
plants and bacteria. Now it has become clear that 
photosynthetic bacteria may also use part of the 
absorbed light-energy for a non-cyclic photophos- 
phorylation that is analogous in some respects to 
that found in chloroplasts. 

The most characteristic difference between the 
non-cyclic electron-flow mechanism of chloroplasts 
(reaction 2) and bacteria (Fig. 5) is in the electron 
donor system. In chloroplasts the electron donor is 
water (that is, OH-), whereas bacteria cannot use 


| 
e } 
2, 
Chi [+ A 
Fe 
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vater but employ morganic or organic electron donors 
such as thiosulphate or 

This interpretation of the difference between the 
non-cyclic electron-flow mechanism in chloroplasts 
and in photosynthetic bacteria is supported by recent 
evidence. presented in the succeeding article by M. 
Losada, F. R. Whatley and D. I. Arnon, that it is 
experimentally possible to replace water as the elec- 
tron donor in non-cyclic photophosphorylation by 
chloroplasts and to demonstrate in this manner a 
bacterial type of non-cyclic electron flow im green 
a reduction of pyridine nucleotide coupled 
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plants: 


with the oxidation of an exogenous electron donor 
and @ simultaneous photophosphorylation but with 


out evolution of oxvgen. 

These findings permit us to interpret with some- 
what enhanced confidence, certain the 
biochemical evolution of photosynthesis which we 
29 


aspects of 


have already discussed elsewhere’ 

The beginning of photosynthesis may be viewed as 
an emergence of a porphyrin that gave rise to chloro- 
phyll and permitted the cell to use for metabolic 
purposes the energy of sunlight. In this primitive 
photosynthesis, the contribution of light-energy was 
limited to anaerobic cyclic photophos- 
No photochemically formed reductant 
would have been required for the photoassimilation 
of, say, acetate or for the earbon 
dioxide so long as hydrogen gas was present in the 
atmosphere®*. Oparin®* and Miller and Urey®® have 
summarized the evidence that in the early periods of 
the evolution of life the environment contained 
simple carbon compounds such as acetate and also 
hydrogen gas. Photosynthetic bacteria still show 
this prinutive type of photosynthesis. 
atitum, for example, when supplied with hydrogen 
was, uses it to reduce pyridine nucleotide in the dark, 
and seems then, as in the case of photoassimilation of 
acetate, to limit the use of light to the formation of 
adenosine triphosphato*® (ef. ref. 30). 

As hydrogen vanished from the 
atmosphere, the photosynthetic cell probably became 
dependent on the photosynthetic apparatus for 
generating photochemically a strong reductant from 
such electron 
Light-energy now would have served a dual purpose : 
it would supply adenosine triphosphate by cyclic 
photophosphorylation and would also, by photo- 
oxidizing the electron donor, provide electrons for 
reducing pyridine nucleotides by a non-cyclic elec- 
tron-flow mechanism. In organisms which contain, 
or can form adaptively, hydrogenase or nitrogenase 
(photosynthetic bacteria and algae), this phase of 
photosynthesis can be observed to-day as a photo- 
production of molecular hydrogen or a photofixation 
of nitrogen gas. 

The non-eyelic electron-flow mechanism in photo- 
synthetic bacteria operates with such electron donors 
as reduced sulphur compounds or organic acids. 
Water (OH~-) became an electron donor only with the 
emergence of plant photosynthesis. As will be dis- 
cussed in the following article, it now appears that 
this event was made possible because plants have 
evolved an auxiliary reaction dependent on light, in 
which the electrons from water (OH-) are first raised 
to a potential similar to that of the electron donors 
in bacterial photosynthesis, and are then used in a 
second photochemical reaction—the non-cyclic elec 
tron flow common to plants and bacteria—in which 
pyridine nucleotide reduction is coupled with the 
formation of adenosine triphosphate. 


probably 
phorylation. 


assimilation of 


Chrom- 


primitive 


gas 


donors as succinate or thiosulphate. 
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evolution is peculiar to green plants 
is the product of an auxiliary photo 
chemical reaction, the oxidation of water (OH ), 
that is found only in green plants. Water as an 
electron donor is therefore not involved in the two 
main events of non-cyclic photophosphorylation im 
plants and bacteria, the photoreduction of pyridine 
nucleotide and the coupled formation of adenosine 
triphosphate 

In both bacterial and plant photosynthesis the 
photosynthetic proper are limited to the 
formation of adenosine triphosphate and reduced 
pyridine nucleotide by cyclic and non-cyclic photo- 
phosphorylation. This transformation of light into 
the currency of cellular energy is funda 
mentally independent of carbon dioxide assimilation 
There is no particular reason why adenosine triphos 
phate ora photochemically generated reductant could 
not be used for driving endergonic cellular processes 
other than carbon dioxide assimilation. 

In summary, the differences between bacterial and 


Oxyyen 
because it 


events 


cominon 


plant photosynthesis seem to centre on the electron 
donors that are consumed in the reduction of pyridine 
With some for 
example, hydrogen gas, the reduction of pyridine 
nucleotide by photosynthetic bacteria is a dark 
reaction. With other electron donors, such as thio 
sulphate or succinate, an input of light-energy, mm a 


nucleot ide elect ron donors, “as, 


non-cvyelic electron-flow mechanism, becomes neces 
sary for the oxidation of the electron donor and the 
reduction of pyridine nucleotide. Thus, in bacterial 
photosynthesis, the reduction of pyridine nucleotide 
may occur with or without an input of light energy 
depending on the particular electron donor used, 
By contrast, in photosynthesis of green plants, the 
reduction of pyridine nuclootide invariably requires 
light energy because the physiological 
electron donor is water (OH-) 

This investigation was aided by grants from the 
National Institutes of Health and the Office of Naval 


Research. 
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SEPARATION OF TWO LIGHT 


Laboratory of Cell Physiology, Un 


oxvuen, in accordance withreaction 1 (where P means i 


ATP + TPNH, +40, 


Of the three products of reaction 1, only reduced 


pyridine nucleotide and adenosine triphosphate are 


required by chloroplasts in the conversion of carbon 


dioxide to carbohydrate Oxygen is an excreted 
by product, incidental to the use of water (OH-) as 
the electron donor in nonevelic photo phosphory 


lation by chloroplasts Photosvnthetie bacteria 
} 


cannot use water as an electron donor, and here the 


key events of noneveli photo phosphorylation 


the reduction of pyridine nucleotide and the forma 


tion of adenosine triphosphate also oceur, but are 


not accompanied by an evolution of oxvgen (ref. 9 
and unpublished work by Nozaki, M., Tagawa, K.. 
and Arnon, D. I 

Vernon and Zaugy'®, extending the earlier work of 
Vernon and Kamen'', have shown that chloroplasts 
which have lost, through ageing or by poisoning, 


the capacity to evolve oxygen photochemically, are 
nevertheless able to reduce triphosphopyridine nucleo 
tide photochemically with electrons donated by a 


reduced dve, 2,6-dichlorophenol indophenol (In 


practice, the dye is supplied in catalytic amounts 
and kept in a reduced form by substrate amounts 
of added ascorbate.) Krasnovsky has found that 
chlorophyll solutions in pyridine can bring about a 


photochemical electron transfer from ascorbate or 


other electron donors to pyridine nucleotides or 


other electron acceptors"? 
We now wish to report that noneyclic photo 


phosphorylation in chloroplasts has been experi 


PHOTO-PHOSPHORYLATION OF GREEN PLANTS 
By Dr. M. LOSADA, Dr. F. R. WHATLEY and Prot. DANIEL 1. ARNON 
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REACTIONS IN NONCYCLIC 


iversity of California, Berkeley 


No. YCLIC photo-phosphorylation'=? is mentally separated into two distinct photochemical 
a photochemical reaction in isolated chloroplasts reactions: (a) a photo-oxidation of water (OH) 
which vields simultaneously three products : reduced that yields oxygen (reaction 2) and (/) a noneyelic 
pyridine nucleotide, adenosine triphosphate and  photo-phosphorylation of the bacterial type, that is, 
i photo-reduction of triphosphopyridine nucleotide 


orthophosphate that is coupled with the formation of adenosine 
Dl , triphosphate (reaction 3). The two reactions have 

\ I PPN HO been separated by using reduced (4A~) and oxidized 


(4) indophenol dyes as summarized here 


light 
H.O 24 -40, 2A 2H (2) 
light 
2A TPN + 2H: ADP P - 
TPNH, + ATP + 24 (3) 
light 
Sum: TPN ADP 4 HO ATP 


TPNH, + 40, (1) 


Bacterial Type of Noncyclic Electron Flow in 
Chloroplasts 


Table 1 shows that when catalytic amounts of 
2,6-dichlorophenol indophenol'® replaced water (OH-) 
us the electron donor (treatment 3), illuminated 
chloroplasts formed adenosine triphosphate and 
reduced triphosphopyridine nucleotide without evolv- 


ing oxygen Similar results were obtained when 
reduced 2,3',6-trichlorophenol indophenol'® was used 
instead of 2.6 dichloropheno! indophenol The 


participation of water as an electron donor in these 
reactions was blocked by the addition of p-chloro- 
phenyl dimethylurea’® to, and the omission of 
chloride'* from, the reaction mixture When the 
participation of water as an electron donor was not 
blocked (Table 1, treatment 1), the reduction of 
triphosphopyridine nucleotide and the coupled phos 
phorylation were accompanied by evolution of 
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CLic PHOTO-PHOSPH 
TYPE BY CHLOT 


Adenosine 
triphos 
phate 
formed 


amoles) 


Addenda 


Vessel 1 contained in a total volume of 
tragments (P1S2), prepared in the absence 
05 mgm. chlorophyll; 0-05 mil. puritied spina 
nucleotide reductase, and the following, in micromo 
buffer, 40; MgsSO,,5; KgH™PO,, 10; ADP 
ind 2 10 
3 was the same 
ind 0-2 micromole dye (dichlor 
experiment was run for 20 min. at 15 
Oxygen was measured mano- 
spectrophotometrically 


is treatment 


ndophenol) were added 
(at a light intensity of 2,000 ft 
metrically and triphosphopyridine 


candles 
nucleotide 


ide and the addition of chloropheny! dimethyl 
lution, blocked the use o 
roplast system Catalytic 
| served as an electron carrier 
last system 


oxygen When the participation of water was 
blocked but no substitute electron donor was supplied 
(treatment 2), no significant reaction occurred at all. 

The ‘bacterial electron-flow 


mechanism that is envisaged as operating in chloro 


type of noncyclic 
plasts, when the participation of water as the electron 
(Table 1, treatment 3), os illustrated 
diagrammatically in Fig. 1. The electron donor, 

the reduced indopheno!l dye, 
acceptor, B, triphospho 
pyridine nucleotide (ef. reaction 3) In accordance 
with previous formulations, we envisage the 
tion of adenosine triphosphate as occurring during 
the electron evtochromes and 
chlorophyll". 


donor Is bloc ked 
represents and 


the electron represents 


forma 


transport bet ween 


LIGHT 


scheme for money photo-p m of the bacteria 


typ 


Photo-oxidation of Water as a Separate Reaction 


In the experiments just described, catalytic amounts 
of phenol indophenol dye mediated the transfer of 
from ascorbate to triphosphopyridine 

The dve was reduced in the dark by 
and oxidized in the light by triphospho 
pyridine nucleotide This transport 
coupled with the formation of adenosine triphosphate 


eleetrons 

nucleotide 
ascorbate 
electron was 
(reaction 3) 

We will now 
catalytic amounts of phenol indophenol dve mediated 
the transfer of electrons from water (OH-) to ferri 
cyanide. The dye was reduced in the light by water 
(OH-) (resulting in an evolution of oxygen) and was 
oridized in the dark by ferrievanide This photo- 


describe experiments in which 
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oxidation of water did not result in the formation of 
adenosine triphosphate (reaction 2). 

Indophenol dyes have long been known to be 
reduced photochemically by chloroplasts'’"* in a 
Hill reaction; but unlike Hill reagents as 
ferricyanide! *, the photo reduction of 2,3’,6-trichloro- 
phenol indophenol is not linked with photo-phos 
phorylation'*7. Krogmann and Jagendorf!* drew 
from this the inference that reduction of 
indophenol dye is primarily by means of uncoupled 
short circuit’ of 


such 


electron transport possibly by a 


that part of the electron transport system which is 


coupled to phosphory lation 
We have examined the effect of catalytic amounts 


of indophenol dyes on a variant of noneyelic photo 


phosphors lation im hloroplasts where ferric yanide 
replaces triphosphopy ridine nucleot ide (reaction 4). 
light 
H,O + ADP +P 
2Fe*'Cy 4O, 


Cy 
ATP 2H* (4) 
The results are shown in Table 2. The addition 
of catalytic amounts of indophenol dye to the 
ferrievanide systern has almost completely suppressed 
the formation of adenosine triphosphate without 
impairing oxygen evolution (treatments 2 and 4). 
The addition of catalytic amounts of indophenol dye 
has thus converted the nonecyclic photo phosphory- 
lation reaction with ferricyanide into a more limited 
reaction, a photo-oxidation of water that is not 
accompanied by photo-phosphory lation. 
N OF OXYGEN AND PHOT 
CHLOROPLASTS 


Table 2. SEPARATION OF PHOTO-PRODUCTK 
PHOSPHORYLATION BY 


Effective 
electron 
scceptor 
Ferricvanide 
Oxidized dye 
rricvanide 
Ferri anid 
Oxidized dve 


ferricyanide 


The reaction mixture contained, in a final volun {ml., unwashed 
chloroplast fragments containing 0-2 mgm rophyvll, and ,the 
cromoles fris/ HCl buffer. pH 1) MgsQ),, & 

lipt phate, 10 potassium ferricyanide 

enol indophenol) or dye B (0-05 

1) was added where indicated 

resent in the centre well of the 

for 12 min. at 15 ©. in 
was nitrogen 


following 
K, 
Dye 


» ft. candles). The gas phase 


In the experiments illustrated in Table 2, it was 
I 


possible to measure the oxygen that 
accompanies the photo-reduetion of indophenol dyes 


evolution 


because they were supplied in catalytic amounts 
and were kept in the oxidized state by the presence 
ferrievanide direct 


of substrate amounts of 


measurement of oxygen evolution that accompanies 
the photo reduction of 2.6 dichlorophe iol— or 2.3.6 
difficult to make 


concentrations 


trichlorophenol indophenol- is 
these dyes, when 
that are required for manometric measurements of 
This reduces 
that 
Indophenol 
reagents in 


because used in 
evolved oxvgen, absorb too much light 
the effective light intensity 
chloroplasts cease to evolve oxvgen'*, 
generally used as Hill 
low and their 


measured not manometrically by oxygen evolution 
16,18 


to such an extent 
dves are therefore 
concentrations, photo-reduction is 
but optically, by their decolorization 

The observed effect of indophenol dyes could not 
be attributed to inhibiting, uncoupling, ‘short 


4 
Priphos- oY 
phopyri- 
No Effective Oxygen dine 
moles) 
Chioropheny! 
limethyl urea None 0 Od or 
Dye, ascorbate Reduced 
chloropheny! dve (as 
dimethyl urea corbate) a 34 
The omission of ch 
urea, a powerful inhil 
water as an electron 
amounts of dichlorophe ae 
between ascorbate and 
ae 
Adeno- 
N Treatment Oxygen — triphos 
smmoles) 
Ferricvanide 45 4°7 
Ferricyanide Dye A 
Ferrieyanide Dve B + 
Chi f+} Cyt A 
Lp 
mam. Details in the text 
i. 
ma 
? & ; 


HON 


phosphorylation step im 
shown in Table 3, the addition of 
to the nonevelic photo phosphors 


circuiting 
reaction 4 As 
indophenol dyes 


or by-passimg 4 


lation system with triphosphopyridine nucleotide 
(reaction 1) did no ippress photo phosphory lation 
and has. in fact, slightly imereased 1t As im the 
ferricvanide system (Table 2 the addition of the 


dye to the tr phosphopyridine nucleotide 
did not affect the oxygen evolution 


Table Errect oF INDOPHENOL DyEs ON Noncycbie Puot 
PHOSPHORYLATION BY CHLOROPLASTS IN| THE PRESENCE OF TRI 
PHOSPHOPYRIDINE NUCLEOTIDE (TPN) 


Adenosine 


Lifective Oxygen triphosphate 
N Treatone electron produced formed 
receptor watoms) 
D i ren 
rvNn is. 
Experi } for Tat except th 
ferr tide was omitted. 4 «mol and mi. of a puritied 
iratiot f triphosphopyt ne! m spinact 
were added in each treats t 


The photo-oxidation of water Is diagrammatically 
represented in Fig. 2, stands for oxidized 
dye The reaction requires chloride We regard the 
photo oxidation of water by chloroplasts as an aun! 
elevated 


where | 


liar, 


reaction to supply electrons at an 


potent ial for a second photochemical! 
bacterial type of 
during which a phosphorylation, 


reduction of pyridine nucleotide, 


reaction, the nonevelic photo 


phosphorylation, 
coupled with the 


actually oceurs (Fig. 1) 
e 
LIGHT 
So, 
Fig n wit ition of w rt hlor ate. 
It appears that noneye Lie photo phosphor) lation 


im yvreen plants combines the two component photo 
chemical the for 
photo oxidation of water (Fig. 2) and ()) the bacterial 
photo-phosphory lation (Fig. | 


auxiliary reaction 


reactions a) 
type of noneyeli 
that is 
green plants for 
tide and a coupled phosphory 

Fig. 3 depicts the combined scheme for noney« lie 
photo phosphorylation in green plants that we now 
B is the electron acceptor, triphospho 


used both by photosynthetic hacteria and by 
photo-reduction of pyridine mur leo 


lation 


envisage 
physiologieal conditions, 


Ps ricdiine nucleotide under 
fern 


but it can be replaced in cell-free systems by 


cyanide Under sper al conditions, molecular oxygen 
also serve as 
SYSterns, and this 
photosynthetic phosphorylation 
or “oxygen cataly sed evehe photo phosphory lation 
Fig. 3) In the latter 
would result 


can 
would result im an 
‘7 (compare 
ompeare case anh 
exe hange 
of oxvgen at one end (B in Fig 


reaction 
3) would balance the 


product ion of OX\ 


NATURE 


the « lectron acct ptor Bin cell-free 
“oxidative 
Fig 1) 
19 
oxvyen 
The consumption 


gen at the other (bottom of Fig. 3). 
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ich 
| + OH” <— 


of 
LIGHT 


L 


photo-phosphory lat ne 


plants 


noncyclic 
Details in the text 


big Scheme for 

The intermediate A m Fig. 3 is both the electron 
acceptor for the first, and the electron donor for the 
second, light reaction (compare Figs land 2). We 
have used indophenol dye as an experimental device 
the two photochemical reactions The 
which the dyes have 
identified They 
quinone 


to separate 
intermediates with 
have not 


ey tochromes or a 


natural 
interacted been may 
iru luce 

According to the scheme shown tn Fig. 3, electron 
acceptors im chloroplast reactions be divided 
into those which react in position B and those which 
Only the first group, exemplified 


rive a 


may 


react in position 4. 
triphosphopy ridine 
coupled photo phosphory lation 
phenol indophenol!®!? an example 
group. However certain compounds, 
reacting preferentially im position A, may 
capable of reacting in position B 

Since indophenol dyes are reduced by illuminated 
chloroplasts much more rapidly than ferricvanide’® 
a catalytic amount of the dye can convert nonevelic 
ferrievanide 


would 
2.3'.6-Trichloro 


nucleot ide, 


of the second 
although 
also he 


photo-phosphorylation with into a 
photo-oxidation of water reaction (Table 2) In the 
absence of the dve. ferricvanide acts an a terminal 
electron acceptor B in noneveli photo phosphory la- 
tion, and oxygen ¢ volution is accompant ad by forma 
tion of adenosine triphosphate (ct Fig. 3 and Table 2 
I and 3 When the dye is present, it 18 
reduced curing the photo-oxidation ot 
oxidized by the dark 
ef. Fig. 2 Table 2. treatments 2 and 4) Here 
oxygen is produced vithout the formation of adeno 
sine triphosphate (Fig. 2) However, indophgno! 
dves do not convert noney« hie photophosphory lation 

th triphosphopyridine nucleotide into a photo 
oxidation of water reaction Table 3). The dark re 
oxidation of the reduced dye by triphosphopyridine 
is precluded by the difference in the 
normal redox potentials (0-217 V. for 
0-320 V. tor 


treatments 
repeatedly 
and re 
4 and 


water ferricvanide im 


nucleotide 
respective 
2.6-dichlorophe nol indophenol and 
triphosphopyridine otide) 


Triphosphopyridine Nucleotide Reductase from 
Chromatium 


in chloroplasts of the 
photo-oxidation 


The separation photo 


phosphorylation reaction from the 
lerlines the similarities and the differences 
elect ron-flow 


of water un 


nonevelie mechanisms 


yreen plants. The 
the electron donor 


between 
photosynthetic bacteria and in 
difference is most pronounced at 
end, where green plants, but not photosynthetic 
(OH-) as the electron donor. 
bacteria, chloroplasts con 
nor hydrogenase 


bacteria, can use water 
Unlike photosynthetic 


tain neither nitrogen-fixing enzymes 


3 
AS 
3 
4 


477¢ 


May 13, 1961 


Pyridine nucleotide reductase from Chre 
TPN 4 


safium 


umoles pyridine nucleotide reduced 


No Enzyme 


10 
Min. 


Fig. 4. Pyridine nucleotide reductase from Chromatium, Experimental 
conditions as in Table 4, except that K,H™PO, and ADP wer 
omitted. 4 wmoles DPN or TPN were added as indicated, » 


As a consequence, the electron acceptor end of the 
noneyclic electron-flow chloroplasts 
can be coupled neither to photofixation of nitrogen 
nor to photoproduction of hydrogen gas, but only to 
reduction of Py ridine nucleotide. However, certain 
of green and blue-green 
exceptions among plants. They 
photosynthetically or they can become adapted to 
using hydrogen gas as a reductant in photosynthesis 


mechanism in 


constitute 
nitrogen 


BPeEcies algie 


can fix 


(literature cited in ref. 9) 

Despite the differences in enzymic composition 
that govern nitrogen fixation and hydrogen utiliza 
tion, the noneyelic electron-flow mechanisms in 
bacteria and chloroplasts are basically similar at 
the electron acceptor end. This view is strengthened 
by the recent isolation of a photosynthetic pyridine 
nucleotide reductase from Chromatium and R. rubrum. 
As shown in Fig. 4, the bacterial enzyme catalysed 
the photochemical reduction of pyridine nucleotides 
by chloroplasts that have been deprived of their own 
pyridine nucleotide reductase When tested by 
adding to washed chloroplasts, the bacterial pyridine 
nucleotide reductase was similar to the chloroplast 
pyridine nucleotide reductase in reducing preferen 
tially triphosphopyridine nucleotide over diphos 
phopyridine nucleot ide*?-?% 

The reduction of triphosphopyridine nucleotide 
was coupled with oxygen evolution when the bacterial 
enzyme was added to a chloroplast preparation that 


CATALYSED BY 
Chromattum 


EVOLUTION 
FROM 


OXYGEN 
REDUCTASE 


PHOTOCHEMCIAL 
NUCLEOTIDE 


Table 4. 
PYRIDINE 


Triphosphopyridine 
nucleotide reduced 
(umoles) 


Oxygen evolved 
satoms) 
0-76 
1 


The reaction mixture contained, in a final volume of 3 ml washed 
chloroplast fragments containing 0°3 mgm. chlorophyll and the 
following in micromoles: tris buffer, pH 7-8, 100; MgCl,, 5: ADP 
10; K,H™PO,, Vi TPN, 6 ind a purified pyridine nucleotide 
reductase preparation from Chromatium. The reaction was run at 
15° in the light 
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by itself could not reduce triphosphopyridine nucleo- 
tide and thereby (Table 4). These 
findings again support the conclusion that reduction 
of triphosphopyridine nucleotide and oxy yen evolution 
are basically The bacterial 
pyridine nucleotide reductase cannot bring about a 
with 


evolve oxygen 


separate phenome ne 


coupling of pyridine nucleotide reduction 


oxygen evolution in a bacterial system 


Conciuding Remarks 


The concept of photosynthesis presented now 1s 
a further elaboration, in the light of new experimental 
that presented earlier'®* It is now 
envisage, m detail, the electron 
tions from water (OH) that 
oxygen evolution We had first suggested that this 
may be a dark reaction between water (OH ) and a 


findings, of 
possible to more 


transfer reac result in 


cytochrome component peculiar to green plants'® 
although it appeared thermo 
dynamically could not be described im 
terms of the properties of known evtochrome con 
We next suygested that the 
may 


Such a reaction, 


possible’, 


stituents of green cells** 
interaction between OH- and 
require an additional input of energy’®, and now it 
appears that this energy is supplied by an auxilary 
light reaction. This auxiliary light reaction is found 
in green plants but not in photosynthetic bacteria, 
accompanied 


cyto hromes 


and explains why photosynthesis 1s 
by evolution of oxygen only in green plants. 

The separation of photo-oxidation of water from 
the photo-phosphorylation reaction 1s consistent 
with the view that photosynthesis in green plants 
involves the participation of more than one light 
reaction Warburg ef al found in Chlorella an 
enhancement of photosynthesis under’ red light by 
the addition of catalytic amounts of blue light and 
attributed this effect to a Photoactivation of a photo 
synthetie enzyme (‘Luminoferment’). The maximum 
effectiveness of the eatalytie light was at 460 mu. 
Another light effeet, which directly 
related to our results, was reported by Emerson 
et al.2*, who observed that enhancement of photo 
synthesis in Chlorella under red light was produced 
by light of shorter wave length; in their experiments 
the supplementary light was not catalytic but of an 
intensity “sufficient to give measurable photosynthe- 
Emerson?? found the maximum effeetiveness of 
the supplementary light in Chlorella at 480 my. 
and a lower peak of effectiveness at about 655 muy, 
coinciding approximately with the maximum absorp- 
tion peaks of chlorophyll 6. 

Emerson?? suggested from and 
observations with other algw that, at the long wave 
lengths of light absorbed only by chlorophyll a, 
full efficiency of photosynthesis depends on the 
absorption of light of shorter wave-length by an 
accessory photosynthetic pigment chlorophyll 6 
in Chlorella, or phycobilins in other alge. The 
supplementary light in this view is not used as a 
catalyst but is consumed as a substrate. 

The enhancement effect of supplementary light 
has been confirmed by other 
Of special relevance to our concept 1s the conclusion 
of Myers and French®* that their results favour 
“the idea that the interaction [of the light absorbed 
by chlorophyll a and 6] takes place between chemical 
products of two separate reactions initiated by light 
and the report of Govindjee et al.*° that the enhance 
ment effect is associated with the oxygen-liberating 


seems more 


SIs. 


these similar 
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mechanism rather than with reduction of carbon 


dlioxide 
That light 


of water, are involved in the photosynthetic cyto 


two reactions, with the participation 


chrome system of both green plants and photo 


synthetic bacteria has been postulated by Hill and 
Bendall**. 


concl that yreen plants POSROSS Sper ial photo 


However, our findings support the 


water, that is 


We 


is involved in 


chemical reaction, photo-oxidation of 
teria 
2) that 


This pigment is more 


absent in photosynthet bane have not 
ified the (Fig 


the photo-onxidati water 
likely to be 


ident pigment 
m of 
chlorophyll h or an acce 


ssory pigment 


that is found only in higher plants and alge, rather 
Dacterio 
chlorophyll) found in all photosynthetic 

* Note added in proof. Additional evidence that 
oxygen evolution in chloroplasts is catalysed by a 
different 
in the photoreduction of triphosphopyridine nucleo 
tide and photophosphorylation was recently obtained 


than chlorophyll a (or the closely related 


photosynthetic pigment from that involved 


in this Laboratory in experiments with monochroma 
tic light In the 
photo-oxidation of water was most effective around 
644 mu & maximum absorption peak for chloro- 
phyll 6), whereas the red light for 
photoreduction of triphosphopyridine nucleotide and 
markedly different 
Arnon, D. I.. “Photo 
synthetic Phosphorylation and a Unified Concept of 
Photosynthesis Fifth Int 
Congr Moscow, 1961 

This investigation was aided by 
National Institutes of Health 
Naval Research 


red region of the spectrum, the 


effectiveness of 
photophosphorylation showed 
spectral characteristics (ef 


Photosynthesis Symp., 
siochem., 
from the 
Office of 


grants 


and the 
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INTRACELLULAR STRUCTURES IN TUMOURS INDUCED BY POLYOMA 


By LEON DMOCHOWSKI, CLIFFORD E. GREY, ELIZABETH BERECZKY* 
and JULIAN BLICHARSK!+ 


Section of Virology and Electron Microscopy, University of Texas M. D. Anderson Hospital and Tumour Institute ; 
Department of Microbiology, Baylor University College of Medicine, Texas Medical Center, Houston, Texas 


animal viruses have been described as 


A forming crystals in the nucleus or cytoplasm of 


Light 


Specimens 


the infected cells (for literature, see ref. 1). 
stained 
of similar specimens have 


microscopy of hustor hemically 


and electron 
indicated the nature and significance of 
The tumour-inducing 
form 
characteristic par- 


mouse embryo cells 


these struc 
tures in virus development 
virus, polyoma, has also been observed to 
erystalline-like arrangements of 
ticles (270 A.) in the 
and of kidneys of hamsters infected with this agent® 


These particles, however, could not be found in the 


nuclei of 


cells of tumours induced by polyoma in the kidneys 
of hamsters An electron study of 
rats, infected by 


Triit roscope 
kidneys of and hamsters 
polyoma has reve aled characteristic particles (270 A 


two or three 


muce, 


in the nuclei ot cells, weeks following 


e| Public Health Service Predoct 
+ Rockefeller Foundation Fellow. Prese Hird Internal 


Medicine Clinic, Fellow of Medicine, Unive cow, Cracow, 
Poland 


infection with the virus*. Fewer particles have been 
found in the cells of proliferative lesions in the 
kidnevs of infected animals of the three species, and 
even smaller numbers in the cells of tumours induced 
by polyoma in the kidneys of rats and hamsters‘. 
In this article the of extensive electron 
microscope studies of tumours induced in the kidneys 
through the 
and hamsters by 
polyoma 
kidneys 
histological 


results 
of mice. rats (obtained courtesy of 
Dr Bernice E. Eddy) 
preparations of 
presented. Only 
nodular 
diagnosis has been used in the present work 


tissue 


enlture virus will be 


material from showing 


LTOSS tumours confirmed by 
Tissue 
specimens were fixed in 1 per cent osmium tetroxide 
buffered with veronal-acetate containing I per cent 
dehydrated in ethyl alcohol of graded 


dilutions, embedded in n-butyl methacrylate, and 


SLCTOSRO, 


glass 


with 


sect lOns 


sectioned knives To enhance the con 
trast, the mounted on grids floated 
on a saturated solution of uranyl acetate with the 
24 hr. Alternate 


were 


specimen facing down for 30 min 
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A cell in polyoma-induced kidney tumour of a hamster 
particles scattered in the nucleus and an 
10.000) 


Fig. 1 
with characteristic 

inclusion body. (* 
Fig. 2 Part of Fig. 1 higher magnification, showing the 
particles in the inclusion body of the nucleus, (= 21,000) 
Fig. 3 Inclusion in the cytoplasm of a cell of a hamster kidney 

tumour (=x 5,000) 

Cytoplasmic inclusion showing a regular array « 


(x 22,500) 


part les 


Fig. 4 


thin (300 A.) and thick sections (2u) were cut. The 
thick sections were studied by the light microse Ope, 
following staiming with the method The 
thin sections were examined in an RCA Type 3k 


Feoulgen 


electron 

A number of non-specific Changes, such as shrinkage 
of the cells, pyknosis of the nucleus, condensation 
and vacuolization of the cytoplasm, and alterations 
in the structure of mitoe hondria have been observed 
in the cells of kidney tumours of mice, rats and 
hamsters Changes which could be regarded as 
spree ifie hay ® also been obsery ed in some of the cells 
in seattered areas of kidney tumours of animals of all 
similar to those already 
described polyoma infected colls rivo® and tr 
tro®, have found seattered throughout the 
nucleus as shown in Fig. 1, and with more detail in 
Fig. 2 Vacuolization of the may 
found (Fig. 1) and the nuclear may be 
replaced by a tightly packed row of part icles, The 
same nucleus may contain an inclusion body ( Fig. 1) 
filled with characteristic particles in a regular arrange 
Fig. 2. 
enlarged 
random 


three Species Particles, 


been 


nucleus also be 


membrane 


higher magnification im 
encountered with 
seattered at 


ment, as shown at 
Occasionally, 
nuclei containing particles 
(Fig. 3) and with eytoplasm showing mitochondria 
of degeneration and inelusions, 
varying from 0-5u to more than 24 (Fig. 3) Some 
of the inclusions are filled with the 
particles arranged in regular pattern, as in the largest 
inclusion shown in the top left-hand corner of Fig. 3, 
higher magnification in Fig. 4. In spite of 
arrangement of the the 
not be considered as a erystal until 
diffraction 


cells are 
im various stages 


characteristic 


and at 
ervstalline-like 


structure must 


particles, 


examined by methods such as electron 
In the corresponding thicker (2 


the 


1) sections of the same 


specimen examined by light microscope, the 
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intranuclear inclusions containing the characteristic 
particles are positive to Feulgen stamuing. Cells of 
tissue cultures of polyoma infected mouse embryo. 
examined in the light MuCcTOsSCcOpe at various intervals 
of time after infection, the gradual 
formation of Feulgen-positive inclusions in the nuclei 
followed by the similarly staining 


inclusions in the eytoplasm’®. 


have shown 
appearance of 
On examination in the 
electron microscope, the characteristic particles have 
been found within these inclusions*. These inclusions 
stain as DNA, following acridine orange treatment’, 
and the stained inclusions are not removed by diges 
tion with DNA-ase*. However, pre-treatment of the 
cells with pepsin, followed by digestion with DNA-ase, 
removes the inclusions®. This is further indication 
that the inclusions are of viral nature, as shown in 
infected by other 
Cells have also been observed with most of the 


TISSUCS VITUsSeS 

cytoplasm filled with strongly osmiophilic material 
(Fig. 5) in which numerous regular arrays of particles 
may be seen among mitochondria and vacuoles (Fig. 
6) Measurements have been made of 20° particles 
which appear elliptical im _ section (Fig. 6) They 
measure an average of 330A. in length and 260 A, in 
width. The average distance from centre to centre 
of the particles is 390 A. Assuming the particles in 
the section to be distorted spheres, the diameter of 
the equivalent circular particles is calculated as 
200A. In view of the possibility that a peripheral 
zone of the particles has not been mace visible by 
osmium tetroxide and uranyl acetate, the diameter of 
the particles, based on the centre-to 
centre distance and the equivalent circular diameter 
of the part icle, is approximately 300 A. 
ment of the particle size approximates to that reported 
particles in dried and shadow-cast 
infected tissue cultures (440 A.. 
partially purified 


measured 
This measure 


for polyoma 
preparations from 
ref. 8), and im concentrated or 
suspensions stained by the negative-contrast method 
(453 A.) with potassium phosphotungstate’®. 

The particles, which at lower magnifications appear 
uniformly dense without an apparent membrane or 
have an internal structure in 
stained sections examined at higher magnifications 
(Fig. 7) Similar has the 
particles present in the sections of cells of infected 
mouse embryos stained with uranyl nitrate’. The 
structure has been interpreted as reticular and as 


capsid’, appear to 


structure been seen in 


Cytoplasm of hamster kidney tumour cell showing mito- 
chondria and regular formations of particles. (x 5,000) 
6 Part of Fig. 5, showing three mitochondria and the 
characteristic particles (=x 21,000) 


= 
= 
q 
Fig 


particles witt 


40,000) 


f internal structure 


putlines 


containing an outer coat of lower contrast!’ A 
comparison of the appearance of some of the part icles 
Figs. 7 and 8) with that of the particles stained with 
potassium phosphotungstate® reveals a certaim simil 
arity in A detailed description of the 


structure of the partie les present mm seetions of the 


structure 


kidney tumours will be published 


be stated the charac 


In conclusion, it that 
teristic particles in polyoma-infected tissue culture 


infected rats 


in the kidney cells of mice, 
also. present in smatier n unbers 
cells of kidney the 


The observation of particles of similar 


cells and 
and hamsters are 
animals of 


im the tumours of 


three species 
size and shape in different types of cells infected with 


AN ELECTRON MICROSCOPE STUDY OF THE ‘CHLORIDE-SECRETORY 
CELL’ OF SALMO SALAR L., WITH REFERENCE TO 
PLASMA-ELECTROLYTE REGULATION 


By Dr. LAWRENCE T. THREADGOLD 


Fig. & Schematic drawing of the appearance of two particles 


shown it 
polyoma and in tumours induced by this virus in 
different species gives further support to the identifi- 
cation of these particles as polvoma virus particles. 
These Investigations have been supported by 
Grant C-4140 and Grant CR7-5047 from the Nationa! 
Cancer Institute, National Institutes of Health. 
U.S.P.H.S.; and by the American Cancer Society 
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Department of Zoology, Queen's University, Belfast, Northern Ireland 


FINHE teleostean kidney is unable to secrete a 


hypertonic urine Because of this, the marine 
teleost must rely on extra-renal electrolyte excretory 
processes to reduce the salt load ineurred in drinking 
sea-water to replace body-water lost by the process 
of osmotic dehydration. Smith' suggested that the 
gills might be the site of the extra-renal excretory 
mechanism, while Keys*, through the use of a heart 

gill preparation, was able to demonstrate the ability 
of the gill of the eel to transport chloride against a 
concentration gracient Afterwards, Keys and 
Willmer® deseribed a type of cell in the gill of this 


AND 


Dr. ARTHUR HILLIER HOUSTON 


Department of Zoology, University of Manitoba, Winnipeg, Canada. 


and other species which they suggested might be the 
site of an active transport system, and tentatively 
termed it the ‘chloride-seeretory cell’. 

Although similar cells have been deseribed in a 
variety of marine, euryhaline and anadromous 
under varying experimental con- 
ditions, their function in electrolyte excretion has 
not as yet been firmly established. Nevertheless, the 
adaptive responses observed after transfer between 
fresh and salt water®:*, histochemical demonstrations 
of high cellular chloride content in fish adapted to 
sea-water®, correlations between ability to tolerate 
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to numerical data. It brings together many treatments hitherto published only in original 
papers and makes them readily accessible to research workers and students. Each method 
is illustrated by a numerical example, complete with a full calculating scheme. Full deriva- 
tions are given of the formulae used. Sos. net 


CAMBRIDGE UNIVERSITY PRESS 


PEDOBIOLOGIA 


NEW! 


EDITORS: 
Cl. Delamare Deboutteville, Nancy 
W’. Kiihnelt, Wien 
K. Strenzke, Wilhelmshaven 
SUB-EDITOR: 
Ekkehard von Jena 


K. H. Forsslund, Stockholm 
A. MacFadyen, Swansea 
R. Yosii, Kvoto 


J. Balogh, Budapest, 
M. S. Ghilarov, Moskau 
O. Park, Evanston 


The programme of the journal will give predomin- 
ance to paedozoological contributions. However, 
contributions dealing with neighbouring fields 


The number of paedobiological publications is 
increasing all over the world. Paedobiological 
scientific literature and literature important for 


paedobiology is published at present in a large 
number of different publications scattered all over 
the globe and for this reason it is difficult to get a 
survey, even of a limited nature, necessary for re- 
search in this field. This is the reason why the editors 
and this publishing house decided in favour of the 
foundation of an international paedobiological 
journal. It will be the task of this journal to 
present a comprehensive survey of the results, 
problems and tasks of paedobiology and to stimu- 
late and further an exchange of experience of 
theoretical and practical subjects. 


SEWER 


will also be accepted, because it is only in their 
objective coherence that the outcome of research 
can be intensively exploited. 

Mode of Publication and Terms of Delivery : 
For the time being the journal will be published 
at irregular intervals but it is planned to proceed 
to regular publication as soon as possible when 
4 issues will be published per year. 

Every number will have an average of 80 pages. 
Size : 17 by 24cm. The first number will be issued 
during the first three months in 1961. Price per 
copy : approx. 17.0 marks. 


55) VEB Gustav Fischer Verlag 


GERMAN DEMOCRATIC REPUBLIC 
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4n outstanding new book demanding an 
important place in the literature of psychology 


HANDBOOK 
of 


ABNORMAL PSYCHOLOGY 


Edited by H. J. EYSENCK with 18 Contributors 


“ This book will certainly make its mark “ This is a major work there is no com- 
a very valuable and often most provoking parable book in English.”-——Discovery 
volume.” —New Scientist 


£6 net 


PITMAN MEDICAL PUBLISHING CO. LTD. 
39, PARKER STREET — LONDON, W.C.2. 


iH mus BACK ISSUES OF JOURNALS IN 
SCIENCE & THE HUMANITIES 


ALWAYS REGUIREO BY 


Wm. DAWSON & SONS, LTD., 


Fuel Research 1917-1958 Back Issues Depr., 


16 WeEsT STREET, 
A review of the work of the Fuel Research FARNHAM, SurRREY, ENGLAND. 
Organization of DSIR 15s. (post 9d.) TEL: FARNHAM 4664 Casies: DawBo0oKs. FARNHAM 


Strontium 90 in Milk THE MUSEUM BOOK STORE, LTD. 


25 Devonshire St., London, W.! 


and Agricultural Materials in (Welbeck 1340) 
the United Kingdom, 1959-1960 Pez ned and ad 


Librarians, and others, should send us their list of 


The fourth in a series of reports from the 
wants’’, or duplicates for sale. Binding undertaken. 


Radiobiological Laboratory of the Agricultural 


Research Council Ss. (post 7d.) 


Introductory Manual on the WHELDON & WESLEY, LTD. 


Control of Health Hazards Specialists for 100 years in 


from Radioactive Materials BIOLOGICAL & GEOLOGICAL 
The nature of the hazards involved in working BOOKS 


with radioactive materials, and the precautions 
necessary for safe procedure from the outset Catalogues on Request 
(M.R.C. Memo. No. 39.) Is. 9d. (post 4d.) 


. 
LYTTON LODGE, CODICOTE, Near Hitchin, Herts 
Books Bought 


From the Government Bookshops or through any bookseller 
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Back Numbers 
Periodicals 
Required 


AMERICAN JOURNAL OF TROPICAL MEDICINE 

Vols. 20.22, compl. 

AMERICAN MINERALOGIST 

Vol. 1. No. 1 ; vol. 2, Nos. 2, 7 

&. Vol. 9, No. 3; vol. 26, compl.; vol 

3-7. 10: vol. 28, No. I. 

AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS 

Iransactions vol. 49 and compl; vol. 52, 

Nos. 32 35 ‘ vol 53, Nos. 5 and IS; vol. 54, Nos. 

4, 13, 15, 22; vol. 55, Nos. 10 and 13 

APPLIED STATISTICS 

(Edinburgh). Vol. 1 (1952), compl: vol. 2 (1953), 

No. I. 

ASTROPHYSICAL JOURNAL 

Vols. 118 and 123, compl. 

CANCER RESEARCH 

Vol. 8, compl.; vol. 11, No. 1. 

COLLIERY ENGINEERING 

Vols. 26 32 and 35, compl. 

GAZZETA CHIMICA ITALIANA 

Vol. 86 (1956), compl. 

INSTITUTION OF MINING AND METALLURGY 

Transactions (London). Vol. 59 compl. 

INSTITUTION OF MINING ENGINEERS 

Iransactions (London). Vols. 108—116, compl. 

JOURNAL OF HISTOCHEMISTRY AND 
CYTOCHEMISTRY 

Vol. 1, compl. 


- vol. 5, Nos. 6 and 
Nos l, 


YOUR HOLDINGS OF DUPLICATES OR 
JOURNALS NO LONGER WANTED 
giadlv pay highest market prices for your duplicates, and if 
led w send on f our own librarians to co e, pack and 
» them Should you have any yurnals for disposal please 


LR. MAXWELL and Go. Ltd 


Headington Hill Hall, Oxford 
Tel. 64881. Cables : LEXICOM Telex 83177. 
Offices also at 

103, Fifth Avenue, New York 3, Tel. Chelsea 2- 2100 


Kaiserstrasse 75, Frankfurt am Main. Tel. 33.74.61. 
24 rue des Ecoles, Paris Ve Tel. ODEon 30-00. 


ORGANIC CHEMISTRY 


B. J. STOKES, M.Se., A.R.LC., A.K.C: 
Head of the Chemistry Department: 
King’s College School, Wimbledon 


This provides a thorough, modern eourse im organic 
chemistry for those taking G.C.E. at Advanced and 
Scholarship Levels, and sitting for University s« holarship 
entrance examinations All requirements of the prin- 
cipal examining boards are covered, together with much 
new material. A fresh emphasis is given by the use of 
electronic experiments for certain reactions and the treat- 
ment of important groups of chemicals, such as drugs, 
dyes and synthetic fibres. There is ample instruction in 
practical work and questions from examining boards. 


20s. net, 


FISH CAPTURE 
Being the Buckland Lectures for 1959 
Skipper RONNIE BALLS, M.B.E. 


The Author considers methods of fish location, the use 
of trawls and seines, the behaviour of fish and their 
mugrations, their reaction to fishing gear and finally he 
probes into future development of the fishing industry. 
Altogether a very readable and stimulating book. 


7s. Od. net 


COAL 
Its Formation and Composition 


WILFRED FRANCIS, M.Se.Tech., 
Ph.D., F.R.LC., F.lnst.F. Consulting 


Chemist and Fuel Technologist 
Second Edition 


This new and enlarged edition reviews the literature 
that has appeared since the first edition resolves questions 
raised by readers, and brings up-to-date all aspects of the 
subjec t Major ‘ hanges have been made in many sections, 
particularly those on terminology, classification and 
petrology, and are designed to assist the younger students 
of coal in understanding subjects of a rather specialized 
character. 

£7 7s. net 


NEWTONIAN SCIENCE 
A. E. BELL, Ph.D., M.Se. Headmaster. 


Cheltenham Grammar School 
This book is an important one for students of mathematics 
and other branches of science considering the impact 
of scientific method upon the form of human thought. 
Phis impact can be most clearly seen in the great 17th 
century revolution beginning with Kepler and culminat- 
ing in the Newtonian synthesis. 


24s. net 


EDWARD ARNOLD (Publishers) LTD 
41 Maddox St., London, W.1 
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going on? 


your own atomic energy plant, 
with remote control centres where you want to 
see what is going on, you may not be very inter 
ested in B.D.H. zine bromide solution. Aton 
Authorities, however, are very interested 
, as well as in what they can see through !t. 
Chey put hundreds of gallons of it in ‘windows’ 
in thick concrete walls, and it has to be very clear 
indeed so that they can see as much as poss ble 
through several feet of solution. Unless the zinc 
bromide is very pure the solution will not be very 
lear. Atomic Energy Authorities have very exact- 


ng specifications on purity and clarity. 


For the finest of industrial fine chemicals the first choice is B.D.H. 


FINE CHEMICALS FOR INDUSTRIAL USE 


(BDH) THE BRITISH DRUG HOUSES LTD. POOLE DORSET 


B.D.H. LABORATORY CHEMICALS DIVISION 


The world’s finest 
industrial cameras 


CROWN GRAPHIC SPECIAL 45 


The basic Graphic Camera for press and technical 
work. Built-in coupled rangefinder, parallax corrected 
optical viewfinder, rangelite for focusing in the dark 
and open frame finder. Double extension, rising, tilt- 
ing and shifting front and Graflok back with Ektalite 


field lens. 
CF.904. With 135 mm. f/4.7 Xenar in No. 0 Compur 


shutter. 


CROWN GRAPHIC FLASH SPECIAL 45 
C.F.905. As above, but including Graflite Junior 
flashgun and connecting cord. 
SUPER SPEED GRAPHIC 
also PACEMAKER CROWN GRAPHIC 
GRAPHIC VIEW 


Manufactured by Graflex Inc., Rochester, U.S.A. 


For further details and price list write to Sole Wholesale Distributors 


NEVILLE BROWN & CO. LTD. - 93-97 NEW CAVENDISH STREET - LONDON WI 
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CLEAN AIR 


inside 


THE WORKS 


(up to 7,000 p.s.i.g.) 


Pneumatic control and instrumentation depend for their 
reliability and accuracy on a continuous supply of scrupu- 
lously clean air. Aerox Filter Units with Ceramic Elements 
will give you this. 

Oil mist, water, carbon dust, etc., are eliminated without 
significant pressure drop. Units are available for service 
at up to 7,000 p.s.i.g.; the FILTER illustrated is one of a 
consignment for the gas analysis bye-pass lines at a nuclear 
installation. Other units, fitted with Geiger counters inside 
the element, are being used for analyses of radio-active dust. 


LEADERS IN A SPECIALISED FIELD 


AEROX LIMITED 


Ceramic Works, Hillington, Glasgow S.W.2 
Telephone : Halfway 4615/6 
Engineering Works, Chalford, Stroud, Gloucestershire 
Telephone : Briscombe 3085/6 
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COULTER 
COUNTER 


for accurate 
particle-size 
distribution 
data 

fast enough 
for flow-line 
process 
control 


Operating with a speed and accuracy 
previously unattainable, the Coulter 
Counter produces data on particle 
size, count and size-distribution fast 
enough for flow-line process control 
In the Coulter principle a dilute sus- 
pension of the sample in an electrolyte 
is drawn through a small aperture 
through which a current 1s flowing 
The passage of each particle changes 
the resistance of the apertufe pro- 
portionally to its volume and the re- 
sultant pulses are amplified, scaled 
and counted at various threshold 
levels, giving a size distribution from 
0.§ microns to 300 microns 


Over 1,500 Coulter Counters are already in service in 
industry and medicine. Full details and technical literature 
will be sent on request. 


COULTER ELECTRONICS LTD 
2-4 ASHWELL STREET, 
ST. ALBANS, HERTFORDSHIRE 
Telephone: ST. ALBANS 53402 
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INTERFACIAL PHENOMEMA 


By J. T. Davies, Professor of Chemical Engineering and Director of the Department, 
University of Birmingham 


and Sim Ertc Ripear, Former Professor of Colloid Science, University of Cambridge 
May 1961, about 475 pp. 


This book satisfies the need for a unified, comprehensive account of the properties 
of surfaces and interfaces, including adsorption. It gives an up-to-date presentation of 
the fundamentals of the subject and a systematic account of recent research, including 
more than one thousand references. Many of the results and treatments presented have 
not been published before 


Chemists and physicists working on surface or colloidal phenomena, chemical 
engineers, and also biologists interested in the properties of the surfaces of living cells, 
will find this book of interest. The systematic manner of presentation makes the work 
suitable as a text in advanced courses, and the extensive coverage of recent research makes 
it highly useful for all engaged in research in this field. 

The Physics of Surfaces Reactions at Liquid Surfaces 


Electrostatic Phenomena Diffusion through Interfaces 
Disperse Systems and Adhesion 


AUTHOR INDEX 


Electrokinetic Phenomena 
Adsorption at Liquid Interfaces 


Properties of Monolayers SUBJECT INDEX 


Advances in 


CATALYSIS and Related Subjects 


Edited by D. D. Evty, Nottingham, P. W. Se-twoov, Evanston, Illinois 
and B. Weisz, Paulsboro, New Jersey 


Advisory Board: Peter J. Desye, Ithaca, New York, P. H. Emmett, Baltimore, 
W. Jost, Géttingen, E. K. Ripeat, London 
and H. S. Taytor, Princeton, New Jerse, 


Volume 12 


The Wave Mechanics of the Surface Bond 
in Chemisorption 
By T. B. GRIMLEY, University of 
Liverpool 


Magnetic Resonance Techniques in 
Catalytic Research 
By DLE O'REILLY, Gulf Research & 
Development Company, Pittsburgh, 
Pennsylvania 


Base-Catalyzed Reactions of Hydrocarbons 
By HERMAN PINES, Northwestern 
University, and Luke A. SCHAPP, 
Standard Oil Company, Indiana 


1960, 324 pp., 88s. 


The Use of X-Ray A-Absorption Edges in 
the Study of Catalytically Active Solids 
By RoBert A. VAN NORDSTRAND, 
Sinclair Research Laboratories, Inc., 
Harvey, Illinois 
The Electron Theory of Catalysis on 
Semiconductors 
By TH. WOLKENSTEIN, University of 
Mosc on 
Molecular Specificity in Physical 
Adsorption 
By D. J. C. YATEs, University of 
Cambridge 


AUTHOR INDEX—-SUBJECT INDEX. 


NEW YORK 111 Fifth Avenue, New York 
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PRESS 
INSTRUMENTS and MEASUREMENTS 


Chemical Analysis, Electric Quantities, Nucleonics, and Process Control 


Proceedings of the Fifth International Instruments and 
Measurements Conference, September |3-16, 1960, Stockholm 


Edited by HELGE VON Kocn and GREGORY LJUNGBERG 


The proceedings of this conference, sponsored by the Royal Swedish Academy of 
Engineering Sciences and the Swedish Association of Technical Physicists, are available in 
published form within seven months after their presentation. The subdivisions of the two 
volumes correspond to the organization of the conference. They contain 117 papers by 
210 scientists representing 79 countries. The information included will be highly useful 
to all scientists interested in the fields considered, for which accurate measurement and 


precise control are essential. 


Volume | June 1961, 506 pp. 


AUTOMATIC PROCESS CONTROL 
Contributions by > W. Ask, Jens G. Balchen, David M. Boyd, Jr., V. Broida, H. Birklin, 
PD. J. Fraade, K. Fuchs, J. Giladi, P. A. Jassoy, Bengt Jiewertz, FE. Krochmann, H. Kron- 
miller, H. Kiihlewein, J. W. Lane, B. Qvarnstrom, Franz Raufenbarth, S. M. Roberts, 
J. P. Roorda, Hellmut Schneider, F. B. Shepherd, S. Sideman, B. Sturm, W. Troost, 
M. van Tol, L. von Hamos, and Ernst Weber. 


PHYSICAL METHODS OF CHEMICAL ANALYSIS 

Contributions by - Torsten Aronsson, D. G. Avery, N. W. Bell, P. G. Bentley, J. Bishop, 
Cyrill Brosset, Wilson M. Brubaker, R. D. Craig, Julian Czakow, E. Davidson, R. M. Elliott, 
G. A. Errock, D. J. Ferrett, Gerhard Gnauck, Laszlo Hegediis, W. K. Hornung, Robert 
Kalvoda, Wilbur I. Kaye, H. G. Kruger, P. G. Kuipers, J. Leece, H. J.“Lucas-Tooth, 
A. Olofsson, W. Parrish, G. D. Perkins, L. Pszonicki, W. Ramsden, G. Rath, C. D. Reid, 
C. F. Robinson, James N. Shoolery, G. Sundkvist, G. Traxler, Hans von Ubisch, Gunnar 
Wallenius, and Hans Joachim Waschewsky 


Volume 2 June 1961, 721 pp. 
NUCLEAR INSTRUMENTATION 


Contributions by - D. Aliaga-Kelley, D. G. Anderson, I. O. Andersson, R. K. Barnes, 
J. H. Barrett, J. Bjorkman, J. Braun, G. B. B. Chaplin, C. B. Cook, D. F. Davidson, W. de 
Nie, E. Dissing-Sorensen, J. Dracass, E. Duncombe, A. W. Fenton, J. Fijalkowski, Olle 
Fineman, W. Fletcher, T. P. Flanagan, H. G. Forsberg, S. Hellstrom, F. Humbel, H. D 
LeVine, Heinrich Miller, I. Nilsson, R. B. Owen, B. Saftic, B. Sjostrand, G. D. Smith, 
B. Séderlund, A. Stebler, R. P. Thorne, M. Variéak, R. Wahl, A. J. Walton, T. Westermark, 
and S. R. Wilkins. 


MEASUREMENTS OF ELECTRIC AND MAGNETIC QUANTITIES 
Contributions by; F. Angersbach, B.-O. As, L. Bengtson, A. Bergquist, A. Bernow, 
A. Blomavist, E. P. Butt, R. Eichacker, S. Ekelof, O. M. Eliassen, W. Engl, T. Fjallbrant, 
H. Flicker, 6. Gardarsson, A. B. Gillespie, K. Hagestuen, O. Hammarstrém, P. K. Her- 
mann, K. S. Lion, Y. Lofgren, G. O. Muller, W. Oesinghaus, H. J. Oguey, B. Rogal, 
G. Schubert, T. Sigurgeirsson, T. Tanasescu, and K. Tarnay. 


REACTOR CONTROL 


Contributions by » W. Abson, G. G. Ballard, C. A. Bergquist, T. Coxon, D. R. R. Fair, 
A. L. Gray, R. Hetherington, P. Hjertberg,G. V. Hough, M. H. Kendon, W. R. Loosemore, 
B. Lundell, J. MceCrickard, R. N. H. McMillan, O. Rydén, P. G. Salmon, P. Schranz, 
R. Smart, A. Stebler, R. Steinberg, B. H. Stonehouse, R. I. Vaughan, and R. C. Vincent. 


Phone > WHItehall 6631 


17 Old Queen Street, London, s.w.1 LONDON 
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Supplement 


Interested in tritium counting 
efficiencies up to 40°, with a single 


photomultiplier spectrometer 


system at room temperatures? 


The Nuclear Enterprises NE 8301 assembly for 


small-volume trite rnal- sample liquid S¢ intillation 


counting offers : 

@ Room temperature counting efficiencies up to 35 % for 
H3 in water, up to 40°% for H3 in organic compounds, 
and up to g0"¢ for C14, using single selected 1 in. 
diameter photomultiplier. For H3 in water the back- 
ground is 10 cps. at 35 °%, 2 cps. at 20°4, and I cps. at 
10%, at room temperature 
New shielded Scintillation Head Unit, NE 5503 (see 
Bulletin 19), with special rotary and translational light 
locking device, permitting daylight operation and main 
water temperature stabilisation. 

Specially coated quartz counting cells. 

New liquid scintillators NE 213 (xylene based) and NE 
220 (dioxane based) for maximum light output, mini- 
mum quenching, and minimum chemiluminescence. 

@ Silicone oil reservoir with complete intimate coupling 
of counting cell and photomultiplier. 

@ Non-overloading linear pulse amplifier NE 5202 with 
high gain (50,000), high stability, and absence of 
blocking. 

@ Broad gate pulse height selector NE §102 to optimise 
signal to background ratio for particular problems. 

@ E.H.T. supply NE 5302 with long term stability of 
100 parts per million. 

Write for detailed specifications in Bulletins 19 and 20 

The NE 8301 obsoletes all coincidence systems and is 

adaptable to a wide range of problems. 


Nuclear Enterprises (G.B.) ltd 


Bankhead Medway, Sighthill, Edinburgh I!, Scotland. 
(Tel. No. Craiglockhart 5262) 
Associate Company: Nuclear Enterprises Ltd., 
550 Berry Street, Winnipeg 21, Canada. gm 6116 


to NATURE of May 13, 1961 


SLIDE RULE 
EFFICIENCY 
w.th The 


DAMIEN 
METAL SLIDE RULE 


Light . unbreakable ... never wears out indifferent to 
atmospheric or other conditions Photographic printing 
ensures absolute accuracy, while the silver-grey finish gives 
figures maximum legibility Retail Price £3 3s. Od. each 


SPE “IAL}] RE-USE) PRI-ES FOR OVERSEAS 


Obtainaile from leading stationers and 


Drawing Office suppliers or direct from 
ANODISED PRODUCTS LIMITED 


9! Upper Thames Street, London, E.C.4 Tel.: MAN 7765 


cientific Circulations Ltd. 
We have extensive stocks of Technical Journals, Periodicals 
and Textbooks. Special terms for Technical and Commercial 
Libraries. All Scientific and Technical publications purchased 


111, Eastbourne Mews, London, W.2 


Telephone: AMBassador 6934 


HARRINGTON 


BROTHERS LIMITED 
PERIODIC ACID 
SODIUM & POTASSIUM 
PERIODATES 


GENERAL LABORATORY & RESEARCH REAGENTS 
OLIVERS YARD, CiTy ROAD. LONDON. E.C.1 


3 POCKET 
+ INTERCHANGER 


ENDECOTTS 


TEST SIEVES 


For Accura cy! 


‘ENDROCK’ 
TEST SIEVE 
SHAKER 


TEST SIEVES 


B.S. 410: 43 U.S. Standards 
and Tyler Equivalents 


We operate a Recovering Service 


Consistent mechanical action 
saves valuable time of skilled personnel 


ENDECOTTS (FILTERS) LTD. Phone: LtBerty 8121/2/3 
Dept. B Lombard Rd., London, $.W.19. Groms Endfilt, London 
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Hal 
(O id, Ar Amat 
In its own way, and in the right place, hair 
is a thing of beauty, but scientifically it takes 
its place with wool, nail, hoof, beak, etc., 
as just one manifestation of keratin, a fibrous 
protein which exists in coiled (x) form 
and straightened () form, and exhibits 
unique elastic qualities. 
Physiologically, as Wells has put it, a hair 
is a rod of dead cells proliferated by a 
living root. It is the result of a metabolism 
having as its end-product a coloured, 
self-lubricated, preferably curled fibre. 
The colouring material is melanin, and the 
lubricant is sebum. Because hair is an 
end-product, and because our ultimate 
interest in it is evocative, we can change its 
appearance and heighten its appeal without 
prejudice to its biological growth. 
But whereas our knowledge of the structure 
of keratin is well-founded—due to the work 
of Astbury and Speakman in Leeds, 
Pauling in the U.S., and the C.S.1.R.0. 
team in Australia—and we have a reasonably 
clear picture of it in terms of stereochemical 
configuration, disulphide linkage and 
hydrogen bonding, the picture ts not so 
clear when we think of keratin in terms of 
the cortex and cuticle of hair and the 
differences they exhibit in comparison with 
wool. Nor is the precise significance of 
sebum understood as a lubricant of the hair. 
At Unilever Research at Isleworth, therefore, 
Holmes and his colleagues are carrying 
out a programme of research on hair—its 
structure, its colour, its lubrication, and the 
influence of extraneous materials on them— 


to obtain a greater understanding of it. 


UNILEVER RESEARCH 
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Brushless motor with ball bearings 


selected for quiet running 
Temperature span Ambient to 95°C 
1000 watt or 500 watt heating coil 
Circulation to external apparatus 


*Fail-safe” operation—switches off 


if liquid level falls 
hits any water or oil bath 


Controls within 65° C 


“GENIAL 
INSTRUMENTS” 


Thus did a Continental customer describe 
our products ; possibly, he meant to say 
“works of genius” but, in all modesty. 
we ourselves would only claim that our 
products are undeniably ingenious. Take. 
for example, the TEMPUNIT Tempera- 
ture Controller: as seen in the picture 
on the left it looks much like any other 
black box for controlling this or that. 
But inside ingenuity positively bristles. 
For instance, it uses pneumatic amplifi- 
cation without calling for an air line. 
And that’s far from being all. Just read 
below what else you get for your money 
(and, thanks to volume production, not 
much money at that; in the U.K.. no 
more than £25). 


What we haven't the space to tell you 
here is, in fact, the most impressive part 
of it all——HOW IT WORKS. But drop 


us a line and you'll get the whole in- 


genious story. 

One thing further—we also make a full 
range of ancillary equipment, from Stain- 
less Steel Water Baths to Cooling Coils. 
All the more extremely good reasons 
why you should write for details: our 
address is 


TECHNE (Cambridge) Lid 


DUXFORD + CAMBRIDGE Tel: SAWSTON 2246 
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PH 1 Li PS MODEL EM 758 


High performance 
Low cost 


Electron Microscope 


Philips EM 75B is a simply operated 
electron microscope with resolving power 
of soA specially designed to supplement 
optical microscopy in the range of 1200 to 
3000 diameters. This instrument gives 
magnification up to 12,000 diameters on to 
photographic plates, making a further 
magnification to 120,000 diameters possible 
by enlargement. Features of this 


instrument are: 


os Low capital and running costs 


@ Simplicity of design and ease in use (no 
cooling water required} 


Minimum alignment requirements by 
Operator 


Rapid specimen change 


Efficient servicing organisation—service 
contract available if desired 


For further information, please ask for 


leaflet WA12-D3. 
Product of N. V. Philips, Eindhoven. 


RESEARCH & CONTROL INSTRUMENTS LTD. 


instrument House, 207 King’s Cross Road, London, W.C.2 
Telephone No. TERminus 2877. 


Sole Distributors in U.K. 
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oenerget! neutrons from 
In 


Van ck Graaff accelerators 
vestigations this p< rtant held 
of solid-state d chem 
the subject 
surveys 


os ive 


mon 


ystry have been 
recent 


several 


books 


Determination 
Displacement Threshold 
Of great interest has been the 

determination the threshold 

displacement in semi-con 

by measurements that 
with electrons ot 
Increasing 
above the threshold 
ses the atom to recoil 
iently high kinetic 
further displace 
h neigh 


ot 


for 
ductors, 
be made 


red Kev 


can 
several hund 
the energy 

walue «au 
with suff 


energy to cause 


ments im collisions wit 

bouring atoms Electrons cannot 

transter large ymounts of energy 

to thes recor) atoms because ot 

the large ™4s> difference but 
e effected by heavy 


changes «49 t 
if they have sufhcrent 


particles 

kinetic energy Although high 
energy protons deutrons 
have been 
studies these particles 
provide the best results because 
lose energy the lattice 
low energies, 


used 


they 
electrons 
have 4 jymited range 

Neutrons «an be produced 
with a Van de Graaf accelerator 
by bombardment of targets such 
as Lv and H* with protons or 
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nally 
| generally known 
displacement spike It 1s ¢ 
. the most difficult and yet most 
interesting phenomena in solid 

state radiation reactions 

Seitz, describing the theory 
of the high temperature spike’, 
has made an estimate of the 
volume affected and of the 
e and pressure pro 


described i 1923°, 
as a thermal 
yne of 


rem 


fuced 


peratur 

in this region by transfer of 

cident energy to 4 lattice atom 
sons duced ym 


ersmental evi 


that the 


Using assum pt 
rather meager ext 


it can be showr 


dence, 
affected volume has 4 radius 4p 
proximately ten times the atom 
radius In this volume, the tem 
i perature is above the melting 
ynts of most and the 
positive-ton Yen do Groot ressure due to the high local 
temperature 1s OF the order of 
10’ dynes per cm Although 
jeutrons. The resulting neutron these conditions last for only 
beam 15 monoenergetc, with a about 10 i) seconds, which 1 
high flux making " ideal for brief in comparison with most 
ye studies. It does not chemical reactions. they <oulc 
suffer from the broad enerey be useful tor certain selected 
spectrum of pile produced neu- systems 
trons and has low One ot the exciting possibilt 
gamma background ties of such local thermal spikes 
is the use of the extremely high 
Therma! Spike temperatures and pressures 
In general the monoenergetic hemical solid-state reactions 
neutrons produced by particle Little has been done in this field 
accelerators have energies above because of the difficulty of ana 
the displacement threshold lyzing the results With the 
Their interaction with the atomic availability of low-energy mono 
nuclei can be described by classt- energetic neutrons from a Van 
de Graaff, without the complica 
lomb encounters with 


es 


lid State Phys 
Journal of Applied Physcs. 
12, 1923. 


tion of Cou 
the lattice atoms, there appears 
this promisin 


that 
will attract more attention 


the subsequent recotl atom en- 
y is suthcrent to produce elec- 
on ot neighbouring 


henomenon, origt- 


erg 
tronic excitatt 
atoms. This P 
sence Publishers Inc., New York, 1957 
New York, 199° 


GH Vineyard, 
Editors Vol. 2, Academe Press Inc 
24 961, 1994 
copy of our row particle occolerater bulletin 


SACHUS 


H 
IGH VOLTAGE ENGINEERING 


LIED . E ENGINEERING (EUROPA NY 
OL 
J ) 


| 
| 
; 
4 
a? a 
3 4 
i 
H 
ie 
; | 
| 
. 


May 13, 1961 


sea-water and the occurrence of these cells’, and 
finally the close correlation between their ontogenetical 
appearance in the migratory salmonids*?® and the 
development of tolerance to these 


provide strong mnclire ct ev idence favouring 


sea-water im 
species’ 
the hypothy Sis 

On the other hand, several authors have felt that 
the cell not, im fact, ated with 
electrolyte metabolism Thus Bevelander'*, on the 
extensive Comparative coneluded 
branchial 


ehlorice was ASSOC 
studies, 


cells im the 


basis of 
that the only 
epithelium were mucous cells. However, as Copeland? 
has pointed out, at least the cell types 
deseribed by Bevelander as being ‘mucous-secretory 
had most of the cytological characteristics commonly, 


spec alized 


some of 


attributed to ‘chloride cells. 

Burden! has disclosed a puzzling situation im the 
work the osmoregulatory 
hypophysectomized Fundulus. Death in fresh-water 
following the destruction of the pituitary was accom 
panied by wsthenia, massive decreases in levels 
of plasma chloride and by atrophy of branchial 
mucous cells. No obvious variations in ‘chloride cell’ 
structure Copeland® has suggested 
that such cells in Fundulus may have dual polarity, 
excreting electrolytes in sea-water, and functioning 
in an absorptive role in fresh-water. The situation 
described by Burden may possibly be accounted for 
as a failure of the electrolyte absorptive process to 
cope with increased outward diffusion of electrolytes 
through surfaces no longer protected by ® mucous 


course of on albnlity of 


were obse d 


layer. 

Finally, Parry. Holliday and Blaxter'® have 
objected to the secretory hypothesis on the grounds 
that a similar type of cell is found in the pseudo 
branch in large numbers, where by virtue of blood 
supply and position, a secretory function was not 
considered lkely ; that bilaterally pseudobranch 
ectomized animals were able to survive in sea-water 
over long periods of time, and that under such 
conditions no adaptive branchial 
‘chloride cell mumbers occurred. 

In view of the conflicting evidence on this theor- 


mcreases 


etically important aspect of teleostean osmoregulation. 
we decided to include an electron mucroscope exam 
ination of the branchial epithelium in an investigation 
of the processes of parr-smolt transformation and 
adaptation to sea-water in hatchery-reared yearling 
Atlantic salmon \ part of this work has already 
been published in Nature'®. 

Gull was examined in parr adapted to 
fresh-water, and for comparison in a 
two-year old trout (Salvelinus fontinalis). in smolt held 
for 72 hr. in sea-water (400-420 m.moles chloride 
litre), and in acclimatized to for 
10 days. Reference to Figs. p 


structure 


purposes of 


smolt sea-water 
1 and 2 of ref. 16 indicates 
that under these conditions parr displayed some loss 
of regulatory ability with the early 
stages of parr smolt transformation, smolt adapted 
72 hr. to sea-water exhibited maximum dev: 
ations from the chloride-levels of fresh-water 
plasma, while fish held in sea-water for 10 days 
were considered to have completed the process ot 


associated 


for 


adaptation. 

Gill filaments from the first gill arch were fixed in 
Dalton’s fixative at pH 7:4 and embedded in meth- 
acrylate. were cut on a Porter-Blum 
microtome with a diamond knife and photographed 
at x 2,000 to x 8,000 on a Phillips 2M. 75. 

Salvelinus fontinalis (Fig. 1). In this species the 
‘chloride-secretory cells’ were usually columnar, with 
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mitochondria ; G.A., Golgi 
mucous cell. (x 3,750) 


endothelium of blood vessel. 
4,500) 


funtinalis 
nucleus ; 
Salmo salar. Parr. ELN 

P., platelet cell. (= 


Fig. 1 
apparatus ; 


Salvelinus 


Smolt. 
M.V., 


S. salar 72 hr. adapted. S 


micro-vesicles. (x 

salar. Smolt, 72 hr. adapted. P.M., plasma membrane ; 

micro-vesicles contacting the plasma membrane and 
discharging. ( = 9,000) 


Smolt 


secretory vesicle ; 
3,375) 


(x 3,000) 


Mitochondria with 
45,000) 


S. salar. 10-day adapted, 
Smolt. 72 hr. adapted 
associated micro-vesicles, ( 


. salar 


basally situated ovoid nuclei. There were numerous 
mitochondria, the majority of which lay between the 
nucleus and the free pole of the cell. A relatively 
small number lay basal to the nucleus. Few mito- 
chondria were present m the zone immediately below 
the apical plasma membrane. Individual mito- 
chondria tended to be elongate with their long axes 
parallel to that of the cell. 

In the mitochondria-free 
numerous dense 
either in contact with mitochondria 
plasma membrane 


,apical zone there were 
‘les, some of which were 
or with the 


613 
Fig 
A 
Fig. 3. 
Fig. 5 
= 
hy 
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4 variable number of juxta-nuclear Golgi bodies 
and short lengths of endoplasmic reticulum were also 
present in the cytoplasm 
overlain to a 


apical plasma membrane was 


by adjacent electron-dems 


The 
variable extent platelet 
cells, but in fully developed secretory c¢ lls the free 
membrane was usually the full width of the cell and 
bulged outward beyond the limits of the 
platelet cells. The membrane of the chloride cell was 
characterized by the presence of minor undulations, 
whereas that of the platelet cell usually projected, 
External to the cell 
narrow 


outer 


forming @ number of microvilll. 
membrane, there 
amorphous layer, presumably a secretion product 
level of ivity im 


was most mstances 


This suggested a low secretory wa 
these cells 

Salmo salar (Fig. 2) The ‘chloride cells’ cf the 
Atlantic salmon parr were im general similar to those 
deseribed for the trout Rectangular rather than 
columnar cells were numerous. Minor differences 
were found in: (1) a more open cytoplasm with fewer 
mitochondria, (2) erenated nuelei, and (3) the 
presence of pale bodies resembling greatly swollen 
mitochondria The cells gave the appearance of 
secretory exhaustion im some mstances. 

Salmo salar, 72-hr. smolt (Figs. 3, 4 and 6). In the 
72-hr. smolt, the ‘chloride cells’ were either columnar 
In several features they were clearly 
Mitochondria were 
had irregularly 
mitochondria 


or rectangular. 
destinet from those seen im parr. 
vacuolated and 
imstances the 


n extensively 
arranged cristae. In some 
had ruptured and tubular cristae were in the process 
of being shed into the eytoplasm (Fig. 6). 

There was marked evidence of secretory activity 
with many cells having a mass of amorphous material 
containing scattered dense granules lying immediately 
beyond the free apical border. Such cells usually lay 
in a ‘pit’ formed by the aijacent platelet cells (Fig. 3). 

In cells characterized by a high degree of secretory 
activity, the apical region was crowded with micro- 
vesicles of variable size resembling the cristae shed 
from the more central mitochondria. With the pro 
duction of a larg mass, the apical region 
lacked micro-vesicles and the mitochondria-free zone 


secrete ry 


was larger (Fig. 4) 
Che ‘chloride cells 

characterized by intense 

merocrine type, and apparently 


were, then, 
the 
to mito 


of the 72-hr. smolt 
secretory activity of 
relate d 
chondrial activity 

Salmo salar, 10-day smolt (Fig In contrast to 
the cells just deseribed, those of the 10-day smolt 
r seombled the ‘chloride cells’ of the parr and trout 
varied from columnar to rectangular in shape, 
delineated 
and the 


5). 


I hee 
ard conta ned miumerous, clearly mito 
chondria. Few apical vesicles were 
free surface of the apical cell membrane was reduced. 
mass of the secretory product 
that seen in the fish, 


sno secretory product could be dist nguished. 


pre 


less 


much 


The Was 


thuam and in 


72-hr 
In general, a picture of reduced activity characterized 
the ‘chloride cell’ of the 10-day 

The ‘chloride cell’ as deseribed here is 
able to that demonstrated in 
im distribution, 
relative size, in the occurrence of a predominantly 
basal nucleus, high mitochondrial content, and in the 


We 


smolt. 

‘ 
cy tological 
and 


earler 


overall shape 


of a mitochondria-free apical zone. 
that the type of cell 
represe nts that investigated im the 
already cited, and as such is clearly 
typical mucous cell 


presence 
have therefore 
deseribed here 
investigations 
distinct 


concluded 


from the 
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The similarity of these cells in the fresh- 
water adapted trout, im the parr salmon and in the 
10-day smolt is strikingly correlated with chloride- 


vreat 


levels in the plasma, which in each instance were 
apparently regulated within 


perhaps notable that among this group some signs 


specific limits It is 
of secretory exhaustion were apparent in the cells of 
the parr, as evidence of an electrolyte 
seen in these fish during the early stages of parr -smolt 


imbalance is 


transformation! 

In the oceurrence 
an apical zone crowded 
the presence of a large extracellular seeretory mass, 
the the 72-hr. smolt differed markedly from 
those encountered in animals in dynamic equilibrium 
with their medium. Such cells gave indication 
of heightened secretory activity, 
related with sharp increases in electrolyte-level 
body fluids 
involve formation of large numbers of mucro-vesicles 
by, or in close association with, mitochondria. These 
vesicles fused with the plastna membrane and were 
discharged, or the extracellular 
secretory mass. 

This formation of micro-vesicles in close association 
with the apical mitochondria and seemingly related 
to the formation of the extracellular secretory mass 
is of particular interest in view of Copeland’s demon- 


of vacuolated mitochondria and 
with muicro-vesicles, and in 


cells of 


every 


which was cor- 
sinthe 


The process of secretion appeared to 


released, to form 


stration by histochemical techniques of a marked 
concentration of chloride in this area in Fundulus 
adapted to sea-water’. It reasonable to 

then, that the extracellular de- 
here is at least in part composed of 
inorganic electrolytes, possibly excreted in an 
organic matrix 

The present 
regarding adaptive changes resulting from transfer of 
fish from fresh-water into sea-water. Evidence for @ 
secretory function has been presented. In view of 
Copeland's work already cited® and the correlation of 
enhanced secretory activity and structural changes 
increases ip electrolyte-levels in 
plasma, we concluded that this work provides 
additional support for the hypothesis that the 
brancbial ‘chloride-secretory cell’ is associated with 
extra-renal electrolyte excretion in teleosts adapted 
to the marine environment. 

We acknowledge the financial support of the 
National Research Council of Canada and the Nova 
Scotia Research Foundation. <A full report of this 
investigation, carried out in the Department of 
Anatomy and Zoological Laboratory, Dalhousie 
University, Halifax, Canada, will be published else- 


where. 
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SPACE SCIENCE 


Satellite Orbit Perturbations in Vector 
Form 


THe first-order perturbation theory of satellite 
orbits can be formulated sitnply and elegantly in 
terms of constants of the unpert irbed motion using 
vector methods. For let the equation of motion be 


where u GM (M mass of the earth), and F is a 
general perturbing force (per unit mass The energy 
FE and angular momentum h (both per unit mass) 


defined as: 


are constants of the unperturbed motion. Hamilton's 
integral, which may be written in the form! 


k= 1 (3) 


provides a further constant of the unperturbed 
motion under an inverse square law force. Taking 
scalar products with h and r, k is seen to be a vector 
of length ve lying along the major axis in the direction 
of apogee. The orbit is over-determined by £,h and k 
which give seven scalar equations. 

In the presence of the perturbing force, “. h and k 
are no longer constant, but from (1) satisfy 


E=r-F 
r 

When r, r and h are taken to refer to the unperturbed 
orbit. these are the equations of first order in the 
perturbing force. 

It is best to discard two components of k since 
Then 


gives the change in the semi-major axis (2 z/2a), 


this has the most complicated equation 


h the rotation of the plane of the orbit and the change 
im eccentricity h ua(l—e*) 
the major axis in the plane is given by the com- 
ponent of k parallel to the minor axis. 

The quantities EE, h and k will give the osculating 
elements at any time. However, for most purposes 
the interesting effects are those of period longer than 
the satellite in its orbit. These are given by the mean 
rates of change obtained by integrating (4) over a 
complete orbit, using either the true or the eccentric 
anomaly, as appropriate, as the independent variable. 

The results can often be expressed partly in vector 
form. For the simple case of a constant force F, 
corresponding, for example, to radiation pressure on a 
uniform sphere the orbit of which is entirely in 
sunlight, the effects are given by: 


while the rotation of 


This method has been applied to solar and lunar 
perturbations and to the effeet of radiation pressure 
when part of the orbit is im darkness. It has also 
been applied to the second harmonic term in the 
Earth's gravitational field giving results in agreement 
with previous work?. 

{ treatment essentially in terms of FE, h and k 
appears to have been proposed first by Herrick’, and 
Musen? has applied it to the case of a constant 
perturbing foree giving effectively the results of (5) 
above. 
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Farnborough, Hants 
(Interscience Pub., New 
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The Cosmic-Ray Observations of 
December 4, 1957 


A RECENT communication from Legrand and 
Helary! reports an increase in the total component of 
cosmic radiation at Paris on December 4, 1957. The 
increase amounted to about 18 per cent and extended 
over three hours with the maximum oceurring at 
2245 U.T. A small inerease in the nucleonic com 
ponent at Thule preceded the Paris event by about 
three hours. Optical and radio data indicate a flare 
of importance 1 on the western hemisphere of the 
Sun at 1657 U.T. (ref. 2) 

Intensity enhancements at the surface of the Earth 
are comparatively rare, only eleven cases having been 
observed. However, these cosmic ray flare events 
appear to have certain well-defined properties in 
common. These include correlation in time with a 
visible or inferred solar flare, a steep integral rigidity 
spectrum and approximate simultaneity of occurrence 
at all points on the Earth’s surface accessible to the 
radiation. The steep rigidity spectrum is indicated by 
the relative rarity of events seen in ground-level 
neutron monitors as compared to detectors flown in 
balloons and the small magnitude (or absence) of the 
IncTeases measured in the meson component com 
pared to the nucleonic enhancements, 

Collins and Jelly’ have reported that ionospheric 
conditions were normal throughout the period in 
which the increase in cosmie radiation occurred and 
have also pointed out that solar activity was low. 
Since an undisturbed ionosphere at the time of a 
cosmic-ray flare is an unlikely event, it was thought 
worth while to examine the intensity of cosmic 
radiation monitored at the Sulphur Mountain 
Laboratory at this time. The Laboratory is on a 
mountain near Banff, Alberta, Canada (lat. 51-2° N., 
long. 115-6° W.), at 7,500 ft., and houses both neutron 
and meson monitors. The neutron monitor, consisting 
of three boron trifluoride counters in a paraffin — lead 
pile, has a counting-rate of 100,000/hr., and a cubical 
Geiger counter telescope containing 10 em. lead 
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3 4 pec pec The satellite te lemetry trans 
f mitter was turned on and off via a 
Soto Parts 
fore man command link, and since command 
| decisions were dependent on the 
payload battery condition, on some 
ooo pus A passes there was no telemetry. For 
ed U the period June 24-27. the 
4 
orbital parameters for rl were as 
follows: inclination angre (+) 
apogee altitude, 1,070 km 
perigee altitude, 625 km The 
20} perigee and apoges oceurred in the 
ut B southern and north rn hemispheres. 
respectively. Pele metry stutions 
a} were located at Washington, D.C 
Fort Myers, Florida; Antigua. 
British West Indies; Santiago. 
Chile; Woomera Australia; and 
Ottawa, Canada 
9 rir consisted of a superh te rodyne 
| receiver with a 40 ke. 8 SS 
66 I 
| band centred on 3:8 Mc./s., and 
i2 ra 12 i2 ut to reduce errors arising from 
Fig. 1 Rates per hr. of hard, total and nucleonic components 4. hard component, changes in gain and band width, 
S.P.. 1,024 tota nizing component, S. F., 2 o4s. nucleonk mponent, S.F.. 512 the receiver Was switched con 
tinuously between the antenna and 
measures the intensities of the total 1onizing com a resistive reference noise source Temperature tests 
i the meson component. The counting- from 26° C. toe 30° C. showed no m asurable 


ponent am 
rates are respectively 240,000 and 80,000 hr. 

The results, corrected tor pressure, are plotted in 
Fig. 1 for the period December 3-6, 1957. It is clear 
that all three components show no unusual variations 
during the period ot the reported event this result 
is in agreement with other collected data‘ from a large 
the data from Paris and 


number of stations. Since 


Thule are not supported in the records of neighbourmg 
and since the times ot the two maxima are 
well separated from each other and from the time of 
the optical flare, the events reported are difficult to 
recom ile with the emerging pattern of the develop 
In the absence of corrobo 
rative evidence of ray enhancements or ot 
Forbush decreases at and 
the negative results of the ionosonde data, it 
appears reasonable to assume that the reported 
increase Was NOt assot iated with an injection of solar 


stations, 


ment of cosmic-ray flares 
subsequent other stations, 


with 


protons 
B. 

Sulphur Mountain Laboratory. 

Department ot Physics, 

University of Alberta, 

Calgary 

Legrand, J. P., 4 i Helary, A., Nature 187. 397 (1960 
Solar Geophysical Data, (Jan. 1955). 
* Collins. C.. and Jelly, D. H., Nature, 189, 128 (1961) 
*Coamic Ray Intensity during the 1.G.Y., No. 1 (Toky March 1950 


Cosmic Noise Measurements from 1960 
at 38 Mc.s. 


WE wish to report the results of an expermment To 


at 3-8 Me from an Earth 


measure cosmic nome 
satellite 

Solid-state radiometers, for the 
cosmic above the ionosphere, 
designed and built at the Defence Research Board 
Tealecommunicat tons Establishment in Ottawa A 
single frequency unit, of a type already described’, 
was part of the 1960 v1 (Transit ILA) payload and 


operatod satisfactorily for the life of the battery pack. 


measurement 


noise have been 


of 


change in receiver sensitivity. The absolute value ot 
the sensitivity was limited by the efficiency of the 
the main payload requirements did not 
permit the optimum antenme geometry and weight. 

For the purposes of calibration, single-turn 
terminated loop was permanently a tached to each 
The loop was calibrated for a known field 
strength, and was then used to obtain the imput 
output characteristics of the radiometer. Antenna 
pattern measurements indicated negligible departure 
from that of the ideal magnetic dipole 

For a terminated antenna im thermal eq 
the sky temperature 1s given by 
PA 

KB 

antenna aperture im P 
Boltzmann s con- 


anteTmuve since 


anton. 


uilibrium, 


where A =ettective m.*; 


power flux in watts m.-* ¢.8 1. K 


stant; =temperature im deg. K B= band-width 
¢.p.s.; also 

/ Z 2) 
where Z —the impedance of the medium im ohms ; 


E —electric field strength of the in ident energy in 
,V./m. for a noise band-width of 40 ke. /s 

Table 1 is given m terms of the equivalent linearly 
polarized free-space field-strength, for a noise band 
width of 40 ke./s. nm a plane perpendicular to the 
axes of the antenn®. To determine P, & 
> must be made to the value of 
This correction 
whereas the 


mayor 
correction factor of 1 
field strength, Em, given in Table 1. 
assumes an omni directional noise field, 


calibrating field was linearly polarized. The expres 
sion for P must therefore be rewritten 2s 
P=1-5 En?/Z (3) 


Where the results were not affected by the radio 
meter sensitivity, the accuracy Was dependent on 
antenna calibration and the stability of the telemetry 
link At low signal levels, the accuracy Was limited 


by the noise signals generated im ther apparatus 
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within the satellite and to a lesser extent by the noise 
figure of the receiver. From considerations of these 
factors it is estimated that, for all stations except 
Woomera, the probable error was + 1, 5 db., and 
for Woomera, the probable error was | db 

Certain features of the results are worthy of further 
discussion. On the night of June 25, 1960, high-level 
fluctuating signals were recorded when the satellite 
was approximately 45° N. latitude in the vicinity of 
Ottawa, Canada, moving on a north-to-south pass 
The fluctuations occurred at the spin-rate of the 
satellite, which had its spin axis inclined at an angle 
of approximately 20° to an Earth tangent. At the 
time of the pass, the f,F2 at Ottawa, Canada, was 
3-5 Me.’s. and it is believed that the fluctuations were 
due to radiation from the Earth reaching the radio 
meter. This phenomenon occurred on TWO SULCCERSIVe 

Records taken im the northern hemisphere (Ottawa, 
Canada and Blossom Pt., Maryland) showed no varia- 
tion in noise power between day and night, whereas 
Woomera, Australia, showed con 
siderable variation. Table 1 shows that the local night 
readings at Woomera were about 2-5 db. higher than 
the local day readings which were, in turn, 3 db. 
higher than those for the northern hemisphere 

The one usable record from Santiago, Chile, does 
not agree with the Woomera recordings even though 
both stations are at approximately the same latitude. 
The quality of the Santiago recordings is poor, due to 
telemetry station difficulties, whereas the Woomera 
recordings are very good. No ground ionospheric data, 
which might have resolved this diserepancy, are as 
vet available from either loc tion 

The support and co opetat ion of the Appled Physics 
Laboratory of the Johns Hopkins University are 
gratefully acknowledged. Thanks are also due to 
the National Aeronautics Space Administration 
of the United States for recording telemetry data and 
to the Naval Ordnance Test Station of the U.S. 
Navy for supplying payload battery power. The 
contributions of Dr. D. F. Page, of the Defence 
Research Telecommunications Establishment, in the 
receiver design and of EK. D. R. Shearman, of the 
Department of Scientific and Industrial Research, 
Slough, England, in the interpretation of the data 
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GEOPHYSICS 


Odd Harmonics of the Earth’s 
Gravitational Field 

VARIATIONS in the perigee radius have been 
observed for three satellites so far The first of 
these is Vanquard I (1958 beta), which was used by 
O’ Keefe et al in calculating the third and fifth axial 
harmonies of the Earth’s field. The other two are 
Transit LB (1960 gamma) and Transit ILA (1960 eta). 
Nominal values of the pertinent orbit parameters of 
these three satellites are listed in Table 1. The data 
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ORBITAL PARAMETERS 


those on 


Transit 


on Vanguard are from O'Keefe et al.’, 
Transit 1B are given by Guier®, and those on 
114A have not been published before. 

For our purposes, it 18 most convement to express 
the perigee radius asa function of 6,, the latitude of 
perigee, according to 
+ Cp sin Op (1) 
Values of C, are listed in Table 1. 
errors in the values of C, are believed to be about 
7 x 10-5 for for the 
two Transits 

Phe dependence of C, upon the orbit parameters is 


Tn ry 


The probable 


and about 6 x 10 


given by 


— (53 


+ (35.7,167,1'*) 


429 
f? - 

In this, f sin? ¢ and ?P’ a(l e*). The terms 
involving oP and J, were apparently first derived by 
© Keefe et al. The convention that we are using in 
defining the coefficients J,, J, is specified by 
writing the gravitational potential as: 


etc., 


(l/r) (J, (sin§)/re + 1 (3) 


where /’,(0) is the nth Legendre polynomial, normial- 


ized to equal unity when 2 1. The value of J, is 
approximately 1-083 x 10-3 

Substituting the data from Table 

estimated errors, into equation 2 yields 

+ ()-14) x 

+ 10) x 

+ O11) x 


These should be compared with the values 


J; (—2-4 + 03) x 10° 
J, ml + 10 


1, and the 


10-6 
10 4 
lo * 


O'Keete et al. obtained from Vanguard 1 data 


Tht ule cting J 


that 
alone, 

It is interesting that the value of J. obtained here 
is larger than the J,, although the difference 
is less than the probable error. It may be that the 
values of the harmonics beginning with the fifth will 
topography, and 
with 


value of 


be determined prim ipally by the 
will thus tend to decrease slowly but erratically 
increasing or ler 
This work was supported by the Department of 
the Navy. Bureau of Naval Weapons, under Contract 
NOrd 7386 
R. NewrTon 
S. Horrietp 
C. KLINE 
Applied Physics Laboratory. 
Johns Hopkins University, 
Suver Spring, Maryland 
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Measurements of Air Radioactivity in 
Italy and their Relation to the First 

Sahara Atomic Explosion 
On the occasion of the French atomic explosion 
of February 13, 1960, in the Sahara, a control system 
of radioactivity in the air was set up covering the 

Italy. The controlling the 

system were equipped to collect samples of atmo- 


whole of stations of 
spheric dust by means of suction through a filter. The 
j-activity of the samples was measured 120 hr. after 
they had been collected. 

The stations established Italy 
(from north to south) as follows, the heights being in 


were throughout 


metres ; 


Bari 
Napoli 
Resina 
Brindisi 


Pian Rosa 
Pallanza 


Cagliari 


Chinisia (Trapani 
M Pantelleria 
Casaccia (Rome) § 26 Cozzo Spadaro 
Vigna di Valle 7 (Syracuse) 
M.S 


ivorno 

. Terminillo 
Angelo 
Two intervals showing mereased activity were 
observed which, although very weak, may be con- 
sidered as a consequence of the passage of the tropo- 
spheric atomic dust cloud originated by the explosion 
of “ebruary 13, 1960, after it had rounded the Earth 
following an eastward course along the parallels of 
latitude. The first mterval between 
February 27 and March 2; the interval 
between Mareh 7 and March 15. 

The two intervals were probably due to the passage 
of the radioactive dust cloud after it had completed 
the first passage around the Earth, divided in two 
parts driven along different itineraries by winds at 
different altitudes. 

In the first interval, higher values were registered, 
all corresponding to the stations located at greater 


oceurred 


second 


heights : 


Height 
Place sea-level 
Cimone 
rerminillo 
Scuro 
S. Angelo 
Resina 
Vigna di Vall 
Livorno 


During the second interval, stations located on 
mountains were particularly involved by the passage 
of the radioactive cloud. In fact, measurements of 


radioactivity gave the following values 


Height abeve 


sea-level (m Counts 


Place 


Pian Rosa 
Monte Cimone my 1-0 
M. Terminillo 

24 

Livorn 0-12 


2-20 pe./m.* 


The highest activity observed at these stations 


during the second half of March 1960 was: 


j 
618 
Table 
Satellite 1 Earth rad i. radia 
Vanguard | 13615 1903 0-00102 
Transit 1B 1-087 0-027 O-RO40 OO115 
| 
Height Height 
above above 
Place sea-level Place sea-level 
(m.) (m.) 
212 16 2 
3. Ispra 251 17 610 
4 Trieste 1s 
3 7 5 Milano 123 19 Algher 21 ee 
4 2 7 Genova 364 21 Elmas 
Monte Cimone 2,173 22 Messina 54 
m Counts 
0 
Ls 
0-22 
OLS 
64, 245 
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4775 
Count 
Pian Kosa way n 
Monte Cimon Or 
M. Terminill 
M. Scu 0-2 
M.S. Angel Oc 
Vigna Val ie 
Livorn 
The activities registered were always markedly 


lower than the highest recorded in years. 
In 1958 Naples and Pisa registered the following 
highest values, namely, 67 pe./m.* and 43° pe./m.* 
respectively ; in 1959 the highest value at Pian Rosa 


preys 


was 22 


5 pe. m.3 
L. ARGIERO 
S. MANFREDINI 
(;. PALMAS 
Laboratorio di Radiologia, 
(.A.M.E.N., Livorno, Italy. 
*Harkrog, A Nature, 188, 482 (1960 
*Squire, H. M., Nature 188, (1060 
* Libby, W. Bull, Atom Scientists, 14 
‘setter, R. Lloyd, and Straub, P. Conrad 
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PHYSICS 


Spin-Lattice Relaxation of Pairs of 
Chromium lons in Ruby 

Tue electron paramagnetic resonance spectrum of 
ruby contaims many weak lines as well as those of 
single chromium ions. It has been established from the 
dependence of their imtensity on the chromium con 
centration that most of these arise from pairs of ions. 
An example of the ‘pair’ spectrum is given im Fig. 1 
A complete analysis is not available, but Rimai et «/. 
have identified the due to 
pairs, and find an antiferromagnetic exchange inter 
action JS,.S,, with J=250 em.-', to be present’. 
These pairs are not observed at low temperatures, 
being then almost all in their singlet 
Most of the lines, however, come from more widely 
separated ions, and many persist even at 13° OK 
The variation of their intensities with temperature 
indicates that levels separated from the ground-state 
by em. ' are present 

The spin-lattice relaxation of the ion-pairs im a 
crystal containing 0-12 per cent chromium has been 
measured from the recovery after saturation of some 
lines in the X-band ‘pair’ 
spectrum The usually adequately 
described by a single time-constant. The measured 
times are shown in Figs. 2(4—/). In part of the range 
the times vary more or less inversely as the tempera 
ture 7, suggesting relaxation through single phonons 
with energies less than &7. At higher temperatures the 
relaxation times vary more rapidly, presumably as 
multiple-phonon processes assume importance. At 
the lowest temperatures the rolaxation of some of the 
lines becomes independent of temperature. This may 


lines nearest -neighbour 


ground-state 


of the more promiment 


recovery was 


be evidence that phonons with energies equivalent 
to several deg. K. are concerned in the relaxation : a 


\ 
AD) 
z ALS | | 
| } 
< 
A a ¢ § 

OS 10 15 20 3-0 35 ke 
Fig. 1. Paramagnetic resonance of chromium pairs in ruby (room 
temperature spectrum, radio-frequency 9.400 Me. s magnetic 


crystal axis Single 
750 and 3,35 


field parallel t ion lines occur at fields of 
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Relaxation in a ruby containing 0-12 per cent chromium. 
{1-E. Relaxation times measured from ‘pair’ lines A E in Fig. 1; 


F. relaxation times of 750-9 line (circles) and of 3350-9 line (crosses) 
trum 


in single-ion 


variation with is to be expected in 
the relaxation between two excited levels if this takes 
place through single phonon processes to and from a 
third level theenergy of whichis lower by an amount EB. 
Relaxation via an upper level, with times varying as 
fexp(E kT) — 1}. has been observed in cerium?, Further 
experiments are decide between this 
explanation and the alternative that at the lowest 
temperatures the measurements were merely of the 


necessary to 


rate of transfer of spin energy from the pairs to the 
single ions by temperature-independent spin-spin 
relaxation 

The relaxation of two of the single-ion lines has also 
heen examined. The relaxation times were measured 
from the last part of the recovery, to reduce the 
effects of spin-spin relaxation® The measured times 
are shown in Fig. 2F. 

The relaxation of the pairs is 10-300 times faster 
than that of the single ions in the same crystal. Fast 
relaxation is to be expected in pairs of ions with spins 
greater than 4 if strong exchange interactions are 
present, as transitions involving energies of the order 
of the energy Since this 


exchange are 


= 

ys, 
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PE 
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energy may be much greater than that of the single 
ion transitions, far more lattice modes mav be 
available to bring about the relaxation of a pair than 
ofa simgie ion Possible me ans whereby the lattice 
vibrations might induce the transitions include the 
Van Vleck’ modulation of the cleetrie fields of 
‘lamagnetic neighbours, and also modulation of 
anisotropic exchange interactions, or of isotropic 
interactions in the presence of some other anisotropy 
The relaxation of the pairs seems sufficiently rapid 
to account for much of the relaxation of the sinwle 
ms. For example, let us assume that the pairs relax 
on the average 100 times more rapidly than the single 
ons, and that each single-ion line is effectively 
coupled by spin-spin processes to ten ‘pair’ lines. 
Then if the populations of the pair’ levels are 0-1 per 
cont of those of the single-ion levels, we find that the 
energy reaching the lattice from the pairs accounts 
for the entire loss from the single ions. This may 
possibly provide an explanation of the concentration 
dependent 
n ruby* 
\ more detailed account of this work will be 
published on its completion I should like to thank 
lh R . Elliott and Prof J H Van Vieck tor 
helpful discussions, and Drs. C. B. P. Finn, R. Orbach 
and W. P. Wolf for letting me have details of their 
work im advance of publication 
Note added in proof. Since this was written, an 


relaxation times commoniv observed 


analvsis of the pair etrium has been re ported 
(Weber, M. J.. Rimai, L.. Statz. H.. and de Mars, G., 
Bull. Amer. Phys. Soc., 6 141: 1961) The authors 
present indirect evidence for fast ‘pair’ relaxation, 
and point out the possible connexion with concentra 
tion depende nt single-ion times. 
J. €¢. Gus 
Physics Department, 
Roval Radar Establishmermt, 
(ireat Malvern. 
* Rimai, L., Statz, H., Weber, M. J., de Ma G,. A., and Koster 
Phys. Rev. Letters, 4 125 (1960) 
* Finn, C. P. B., Orbach, R., and Wolf, W. P., Pr Phua. Soc. (in 
the press) 


*Van Vieck, J. H Quantum Electronics, 392 (Columbia Universit 
Press 


‘Mims, W. B., and MeGee, J. D.. Phys. Rer., 119, 1233 (1960) 


‘Memory’ of Initial Remanent 
Magnetization and Number of Repeating 
of Heat Treatments in Low-temperature 

Behaviour of Hzmatite 


Ir has recently been reported that the remanent 
magnetization of hwmatite (xFe,Q0,) indicates a 
marked thermal hysteresis phenomenon during a 
cooling. heating cevele to iInterpose the transition tem 
perature of about 250° K., where the rotation of spin 
axis occurs: on cooling below 250° K. and then 
re-heating to room temperature, the direction of the 
remanent magnetization is still memorized in the 
specimen, although its intensity does not recover its 
original value before the cooling—heating evcle'. \ 
satisfactory explanation of such behaviour has not so 
far been given, though much work has been carried 
out on this problem! 
information on the ‘memory’ phenomenon will be 


In this communication, new 


reported 

The thermo-remanent magnetization and the iso 
thermal remanent magnetization of the synthetic 
hamatite powders were subjected to the repeated 
cooling—heating cycles between liquid nitrogen tem- 
perature and room temperature In both cases, 
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Fig femmanent magnetization of synthetic hamatite powders 
it room temperature after the repeated cooling-heating cycles 
Thermo-remanent magnetization ; @, isothermal remanent 


magnetization 


change in the imtensity of remanent magnetization 
after the temperature cycling was measured by an 
astatic magnetometer at the room temperature 
tecoveries relative to the initial remanent magnet iza 
tions, Which were acquired in various magnetic fields, 
after the repeated cooling heating cycles, are shown in 
Fig. 1 in reference to the numbers of eycle, where 
the thermo-remanent magnetization is indicated by 
circles and the isothermal remanent magnetization 
by dots 

It is found in the figure that the recovery of the 
intensity of remanent magnetizations after the first 
cycle is closely dependent on the process leading to 
the remanent magnetization. The rate of recovery is 
generally large in the case of thermo-remanent mag 
netization compared with isothermal remanent 
magnetization. It is also found that in the case of 
thermo-remanent magnetization the larger the applied 
magnetic field, the smaller the rate of recovery. 
while in the case of isothermal remanent magnetiza 
tion the relation between the rate of reco, ery andthe 
applied field is reversed. In the very strong field, the 
rate of recovery in both cases is confused. 

Another interesting fact obtained in this work is 
that the intensity of rermanent magnetization changes 
systematically in response to the number of cycles for 
the repeated temperature eycling. As seen in Fig. 1, 
the marked decrease in the first eyels is followed by a 
zig-zag’ change for the repeated cycling, in a series of 
experiments the intensity of remanent magnetization 
corresponding to any even number of cycles (21th 
cycle) being generally larger than that corresponding 
to the consecutive odd number of cycles (2n +1 th 
eyele). This ‘zig-zag’ phenomenon is also dependent 
on the process leading to the remanent magnetization 
A relative amplitude of the ‘zig-zag’ to the initial 
remanent magnetization is largest in the isothermal 
remanent magnetization produced by a weak magnetic 
field and smallest in the thermo-remanent magnetiza 
tion produced by a weak magnetic field. The ampli- 
tude amounts to about 15 per cent of the initial 
remanent magnetization in the former case, and 
only a few per cent m the latter case. It is also con 
firmed from a similar experiment shown in Fig. 2 
that this ‘zig-zag’ phenomenon is conserved for a large 
number of cooling-heating cycles, though the ampli- 

tude decreases almost exponentially 

Considering that a similar phenomenon is observed 
in the haematite powder synthesized from iron (John- 
son Matthey and Co., Ltd.), which is believed to be 
pure, this ‘zig-zag’ phenomenon may not be attribut 
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Fig. 2. Systematic change in the isothermal remanent magnetiza 
tion of synthetic hematite powders at room temperature with 
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CRYSTALLOGRAPHY 


Structure of Vapour-deposited Carbon 


ALTHOUGH considerable information is available in 
the published literature on the effeet of tomperature 
arul pressure of deposition on the microst ructure and 
density of vapour-deposited carbon, only little Jas 
been reported on the pyrolytic graphite formed under 
these conditions from the crystallographic point of 
The purpose of this communication is to 
X-ray results obtained in these laboratories 
from analysis of a series of experimental deposits 
produced over a range of high temperatures at a 
The perfection of throe 
dimensional erystallinity exhibited in some specimens 
produced at moderate deposition temperatures at this 
pressure is, to our knowledge, a new observation 

Pyrolytic graphite is 
passing a vapour source of carbonaceous material at 


view 
present 


pressure of 50 num. mercury 


deposited on a substrate by 


specimen. It has been confirmed, too, that the spatial 
orientation of the hwmatite specimen, relative to the 
geomagnetic field during the cooling heating eveles, 
has no appreciable effect on the ‘zig-zag’ phenomenon 
In view of these results, it may be concluded that 
this ‘zig-zag’ phenomenon is essentially related to a 
parasitic ferromagnetism of heematite. 

A unified mechanism, through which the combined 
phenomena, namely, the momory and the ‘zig-zag’ of 
the remanent magnetization of hematite at 
transition temperature can be interpreted simul- 
taneously, may be required in future work. 

T. NAGATA 
M. YAMA-alI 
S. AKIMOTO 


low 


Geophysical Institute, 

University of Tokyo, 
Tokyo. 

Haigh, G., Phil. Mag., 2. 505, 

* Lin, 8. T., J. App. Phys., 31, 2738 (1960), 


* Siratori, K., Tasaki, A., and lida, S.. J. Phys 
(1060) 


877 (1957) 


Soc. Japan, 15, 2357 


The Use of the Term ‘Flux’ 


RECENT suggestions! for the adoption of a unit of 
neutron intensity in reactor physics and technology 
provide an opportunity to raise the issue of non 
ambiguity. In the physical sciences, the term ‘flux 
density’ has been used since the earliest days to 
denote units of the relevant quantity per unit area 
traversed normally per unit time. The term ‘flux’, 
then, deseribes the product ‘flux density area’. 
Apparently owing to the isolation of nuclear physics 
during the period 1939-45, the practice seems to have 
become established in certain branches of this subject 
and its associated technologies of using the term ‘flux’ 
as a short hand for ‘flux density’. This ambiguous use 
tends to deprive both terms of their original signifi- 
eance, and has led to considerable confusion. 

The ambiguity is quite unnecessary and its con 
tinuance is surely most undesirable. We should like 
to propose, therefore, that any unit such as the chad. 
whatever its magnitude, should be defined as a unit 
of flux density, its dimensions being NL-?7-". 


GHOSE 
YOuNG 
E.M.I. Electronics, Ltd. 
Victoria Road, 
Feltham, Middlesex. 
? Harrison and Thorley, Nature, (1960) 


188, 571 McGill, Menzies 


and Price, Nature, 190, 162 (1961) 


reclu d 
heated surface 


planes are parallel, 


surtace 


X-ray patterns of pyrolytic graphite specimens 
produced in these laboratories, as well as a commercial 


pres ure 


and 


raised 


temperature 
The pyrolytic graphite produced in 
this way exhibits stacking such that the atomic basal 
as im natural graphite, but the 
atomic layers are randomly oriented to each other. 
This arrangement destroys the periodic repetition of 
atom positions in the ¢ axial direction, and produces 
greatly different electrical and thermal conductivities 
in the directions normal and parallel to the substrate 


over 


graphite and @ commercial pyrolytic graphite sample, 


were obtained with a 114-59-mm. Debye Scherrer 
powder camera using copper A, radiation. The details 


of the X-ray analyses of these samples are shown in 


Table 1 and Fig. 
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l These results indicate that the 


002 


NORMAL 


DEPOSITED 


DEPOSITED 


101 
100! 004 


GRAPHITE 


AT 1900° C 
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Fig. | X-ray photographs of graphite 
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EXAMINATION OF GRAPHIT 


rraphite 


material 


X-ray 


significantly reported 


from results of previou ly 
investigations The published literature indicate 
that as the temperature of deposition decreases, there 
the thres 


the increasing absence of (h¢/) reflex 


is a loss of dimensional structure as 
evidenced by 
From Fig. 1, 
temperature of 1,700° C. and pressure of 50 mm. 
mereury, all the (Atl) reflexions are absent. At 
1.900° C. there seams to be good atomic alignment m 
the « direction At higher temperatures of 2.200 { 
and 2,300° C., the 
becomes less pert et 
These preliminary observations indicate that high 
the controlling factor for 


ions it can be seen that at a deposition 


ordering of the strueture agaim 


temperature per se is not 


rroducing an ordered three-dimensional structure of 
} 


pyrolytic graphite The variables of pressure, rate of 
gas-flow, and method of heacing the carbon-bearing 
gas phase, all have a marked influence on the resultant 
density and structure. Further investigations are now 
In progress to determine the effect of these variables 
on the structure and properties of vapour deposited 
material 

(FEORGE COLLIGAN 


FRANCIS GALASSO 


United Aircraft Corporation Research Laboratories, 
Kast Hartford, 
Connecticut. 


CHEMISTRY 


Flash Photolysis of Ferrous Sulphate 
Solutions 


Keen has recently! described the kineties of oxida 
tion of Fe(ll) by the transient species produced 
when a 2-usec. pulse of 4-MeV. electrons is absorbed 


by an aqueous solution We have observed that a 


similar oxidation oceurs in the flash photolysis of 


ferrous sulphate solutions. 

Using a quartz reaction vessel about Lem. indiameter 
and 20 em. long and a parallel quartz discharge lamp 
(4 uf.. 15 kV.), we find that about 5 u.W Fe(III) is 
produced for each flash irradiation of aerated ferrous 
sulphate solutions W-5 10° WV in O-OLN 
sulphuric acid) as measured by its absorption at 
S130 A. The effective wave-length in the flash must 
be less than 2000 A. since the solutions do not absorb 
appreciably above this wave-length, and furthermore 
we find that the oxidation is prevented when an 
atmosphere of nitrous oxide surrounds the flash tube 
and reaction vessel 

The oxidation result the direct 
absorption by Fe(11), since the extent of oxidation is 
almost independent ot from 10-4 
10-3 M, although it increases at higher, and falls off 
Moreover, the oxidation 


ck eos not from 
concentrat rons 


at lower, concentrations 


diffraction powder pattorns obtaimed cdiffer 
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Time after flas! 


Fig. 1. Optical absorption of 10 * M f 
sulphuric acid at 313 my after illuminat 
Time-seale, 40 mse per 


Transmission (per cent) 


Time after flash 


As Fig. 1. Time-seale, 1 msec. per division 

occurs in a time-period well outside that of the flash. 
We have followed the reaction the usual 
photomultiplier oscilloscope technique and find that 
at low concentrations there are three distinct stages. 


using 


Fig. 1, using a time-scale of 40 msec. per division, 
shows a rapid initial absorption followed by a slower 
one. With a time-scale of 1 per division the 
rapid rise is resolved into the curve of Fig. 2. The 
third stage follows these and extends over seconds 
at 10°-* VW Fe(II) 

A precise kinetic analysis of each of these processes 
is difticult since they overlap to some extent, but 
each appears to be first order in the species which 
oxidizes Fe(II). The slowest step is also first order in 
Fe(IL) concentration (Table 1) and has a second-order 
rate constant which is exactly that for the Fe*+ 
H,O, reaction? (60 + 2 m.-! The second 
stage is kinetically similar to a second-order constant 
6 =x 104m 1 but the first stage is apparently 
zerTo order in Fe(II) (Table 1). 

The similarity of rate constants suggests that the 
species oxidizing Fe(L1) in the final step is hydrogen 
The other two are more difficult to identify 


l.sec.-'). 


Lsee 


peroxide 


STAGE® 
AelD 


Table 1 FIRST-ORDER RATE CONSTANTS FOR THE THREE 
oF OXIDATION OF FR(II) IN AERATED OOL SULPHURK 


Fe(Il) mM ky 
3 
O20 
2-0 


5-0 


k, 


di 
boo 
Temperature of | bagel 
deposition (deg. ¢ X-ray data Method of deposition - apt 
00 Some d rder in the Resistance furt 
ior 4) mm. mercury be | 
Some disorder in the Kesistane furnace = | 
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buat presumably one of them, possibly is 
precursor to the hydrogen peroxide, for exar ple. 
by the reaction: 


Fe HO, - Fe* + HO, 


If, as we suggest, absorption by Fe(LI) is not the 
primary reaction, the species oxidizing Fe(11) must 
arise from absorption by one or more ot water, 
sulphuric acid and oxygen The effective 
length cannot be below 1850 A. 
absorption by the quartz, and if we ignore oxygen 
for the moment, the absorption coefficients for water 
and ions from sulphurie acid indicate that about 
cent of 1850 A. light will be absorbed by 


water in 0-01 N sulphurie acid solution Water is 


wave 


much because of 


600 per 


known to be photoly sex 


OH 


hy 
H.O --H 


and the sulphate ion may ultimately give the same 
products 


H,O 
- HSO, 
OH H 


SO; +H +O 


OH 


The hydrogen atom with oxygen will rapidly give 
water, so that we might expect HO and HO, to be 
the oxidizing entities 

However, on this basis the extent of the tinal slow 
step would be equal to the sum of the two preceding 
fast ones, whereas we find it is somewhat less than 
this. This may indicate that other species, possibly 
resulting from absorption by oxygen, are responsible 
for at least some of the oxidation. We would also 
expect both fast Steps to be first order in Fe(IT) con 
The zero order found for the first 
could arise from the relatively slow formation® of 
the absorbing Fe? SO, but we found the 
presence of O-O1L N sodium sulphate to have no effeet 


centration staye 


spt cies 


on this rate 

Subsequent work with perchlorates (to be published, 
|. H. B.) shows that in the absence of oxvgen the 
tinal slow step is absent and that the rate constant ot 
This suggests that the 
104 


the second step is unaffected 
see 


second step with a rate constant 6 


Ke? HO - Fe OH- 


If this is the case it would imply that the reaction 


HO HO 


must have a rate constant > 10° in order for it not 


to compete with the Fe?: reaction. 
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Use of Flash Photolysis to initiate Detonation 
in Gaseous Mixtures 


reported on apparent ro 
of initiation of reaction im yaseous mixtures of 
acetylene and oxygen sensitized by nitrogen dioxide, 
used to produce a region of 


The 


using flash photoiveis to mitiate explosions of hydro 


when flash photolysis wa 
homogeneous chemrcal reaction techniques of 


oxvgen dionice are well 


Phis apparent heterogeneity has been ex 


earbon nitrogen 
known? 4 
plaimed by the appearance of detonation waves over 
very small distances It occurred to me that flasl 
photolysis might be used to mitiate detonation waves 
of certain geometries im a current detonation and 


shock-wave shaping programme in this laboratory 
The results of one-dimensional experimentation are 


rm ported } ere 


BARIUM 
SULPHATE 


QUARTZ REFLECTOR 


FLASH 
TUBE 


QUARTZ 


Fig. | 
together with a typical smear photographic record ot 
the detonation wave, A 4-in. length quartz extension 
was fitted to a 6-ft. length of 2-in. internal diameter 
Corning glass pipe. The extension was provided with 
an ultra-violet reflector of barium sulphate and a 
simple linear quartz discharge tube produced the 
photolytie flash. The pipe was then oriented with 
respect to a longitudinal slit so that the detonation 
wave could be recorded on a simple revolving drum 
camera. The discharge through the flash lamp in an 
argon atmosphere was approximately 2,700 joules at 
9 kV. The lamp was fired by reducing the pressure 
of the argon. It will be seen in the smear photograph 
that the light from the discharge tube was recorded 
as well as the himinous detonation wave. This gave 


“vives details of the apparatus employed 


A 
4 
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x 
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Note ringing 4 
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Fig. 2 


Initial pressure 


# measure Ot the time of the flash with respect to the 
occurrence of detonation. The time between the first 
peak in the flash and the occurrence of the extra 
polated detonation wave, at the centre of the quartz 
extension, was arbitrarily taken as the ignition 
delay 

This ignition delay has been the subject of the early 
experimentation, and Fig. 2 presents the range of the 
examination. The variables were the mixture com 
position and the initial pressure of the mixture. The 
effect of increasing concentration of nitrogen dioxide 
was to reduce the ignition delay, while increasing 
initial pressure had less effect. 

In conclusion, stable detonation has been initiated 
n acetylene, oxygen, nitrogen dioxide mixtures 
nunediately in space, but with a time-delay depen 
tent on mixture composition and initial pressure 
of the mixture. 

J. WapswortnH 
(jas Dynamics Laboratory, 
of Mechanical Engineering, 
National Research Council, 
Ottawa. 
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Radiolysis of Carbon Tetrachloride in 
the Presence of Oxygen 


CARBON TETRACHLORIDE containing oxygen from 
the air is very often used as a solvent for the isolation 
of radioisotopes, as a radiation polymerization 
inhibitor, and as a basic material in chemical dosi 
radiolysis 18 very significant im all these cases 

When tetrachloride in the 
oxygen 18 free chlorine, phosgene and 
liberated. 
tal.’-* many years ago, but 
interpreted quantitatively. 
investigated this system in 
the absence of and the results obtained by 


thean differ greatly from each other! 


and in sulphur-35 produe tion as well. Its 
carbon pre sence oft 
irradiated, 
hexachlorethane are This system was 
Kailan ¢ 


nnot be 


investigated by 
their 
Several authors recently 


results ci 


oxygen 
It is impossible 
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to deduce from them the mechanism of radiolysis of 
carbon tetrachloride in the presence of oxygen. Only 
Durup® occupied himself with the influence of oxygen 
on radiolysis of carbon tetrachloride, but hitherto 
nobody has measured the production of phosgenm 

We have measured the production of chlorine in 
carbon tetrachloride irradiated in the 
oxygen with soft X-rays'®. Now we present furthe 
details about the origin of chlorine and phosgene 
produced by radiation. 

Irradiation was carried out at 22 using a 
cobalt-60 source with a dose-rate of 2-5 10% e\ 
imin./ml. earbon tetrachloride. Carbon tetrachloride 
ised was a product of Lachema, grade p.a., dry 
without further purification. For the measurement 
of chlorine the spectrophotometer at wave-length 
Phosgene was estimated partly 


presence ot 


335 mu was applied. 
by the colorimetric phenylhydrazine modified method 
partly by the acidimetric titration Doses from «a 
cobalt-60 source were measured by the Fricke ferrous 
sulphate dosimeter (Gye 15-6) and a correction 
on different electron densities was applied. 


10°* M) 


Amvouat of chlorine ( x 


‘ 


1,000 2,000 


Min. 
Fig. 1 


1,500 


From Fig. 1 we see that the mitial production of 
chlorine is exponential (induction pe riod up to 140 
with our conditions) and then linear up to very 
high doses with GQ, 3-6 0-3. These results can 
be explained by the following reactions 


print 


CCl, 


since the calculated concentration of chlorine has the 
same graphical shape as the experimental curve. 
then 

kil (OCh 


(1) 


CVhrough the analysis of the experimental curve from 
Fig. 1 by the help of equation (1) we then obtain the 
rate-constants &,/ and 


kl = 2-3 


mole-litre 
10 mole-litre 


The G-value of chlorine is higher than m our earlier 
work!”, because there we used 30-kV. X-rays and the 
doses were applied in the induction period range. 

In Fig. 2 the amount of phosgene is plotted against 
the radiation dose We see that the production of 
phosgene is linear up to the dose 5 10°? eVooml 
with the G-value of phosgene 12-1 1-0 The 
situation is rather complicated at high doses and the 
shape is non-linear. The production of phosgene can 
be explained by the reactions : 


oe 
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according to which the concentration of phosgene is 
proportional to the dose 


[COCI,} 


We are working now on confirming equation (2) 


Fig. 2 


Both Gu, and Geoci, obtained here are comparable 
with the results of Durup* and other authors®.’ where 
3-9 and (/_o, 1-0. According to our 


ta 


reactions the value of Gey must be the same as (¢, 


and approximately G_o, Gcoa,- For the time 
being, we have no explanation for the difference 
existing between Gc, in the absence of oxygen*-* 
and in the presence of oxygen. 

We are indebted to Prof. Béhounek 
terest and to our co-workers from the 
Department of the Nuclear Research Institute for 


for his in 
Dosimetric 


their help 
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Liquid Chromatographic Separations 

using Rubber as the Stationary Phase 
IN @ previous communication! it was reported that 
certain polymers could be separated from mineral o1] 
by a liquid chromatographic method. »-Heptane 
was used as the mobile phase and srnall pieces of 
thin vulcanized natural latex as the stationary phase 
It has now been found that compounds of lower mole 
cular weight can also be separated by this method 
The use of rubber for the separation of compounds 
weight was first deseribed by 


of low molecular 


Molecular weight 


100 200 

Corrected retention volume (nail.) 
Effect of molecular weight on corrected retention olan 
Boldingh? ; he found it advantageous first to swell 
the rubber with a different solvent from that used as 
the mobile phase. The use of a cross-linked dextran 
(‘Sephadex’) for separating compounds in aqueous 
solution has been described by Gelotte’. Vaughan‘ 
has mentioned the possibility of using cross-linked 
polystyrene beads for this purpose. 

Boldingh used a fraction of a commercially avail 
able rubber powder ; but it has been found in these 
laboratories that columns packed with a similar 
rubber powder were less efficient than those packed 
with pieces of surgeons’ finger-cots. A column 25 nun 


Weight of residue (mgm.) 


50 
Fraction No 
Separation of a mixture of polywobutene (mol wt., 15,000 


1,200), squalene (mol. wt 


128) 


Fig. 2. 
pentaerythritol tetrastearate (mol. wt 
423) and azulene (mol. wt 
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H20 


n diameter surrounded by a water prac ket at 30 ¢ 


wi ised par ked tightly to a length of 107 em. with 
pieces of surgeons’ finger-cots passing an S mesh BS 
sieve when dry, and retained on a 325 mesh B.S 
eve when swollen with toluene 
The substance (50 LLOQ) under study wa 


clissolved im 5 mil. of toluene and placed on top of the 


packing After the olution had passed into the 
packing, further toluene was added and the flow-rate 


adjusted to about 15 nid. an hour. Fractions of 10 nil 


were collected m which the solute was determined 
eather by evaporating the toluene and weighing the 
residue, or colorimetrically im the case of 6-carotene 


and azulene. A graph of corrected retention volume 
the retention volume of the 
ess the void volume of the column) against logarithm 


will be see Th 


elution curve maximum 


olecular weight is shown m Fig. |. It 
that the relationship is approximately linear An 
attempt to the 


Carbowax’ polyethylene glveol 1540 was unsuecess 


determime retention volume ot 


i, a very flat elution curve bemg obtamed 


above work gave peak 


to the uneven flow 


The colunm used for the 
with irregul ar trailing edges clue 


or the phase through the column \ second 
column, 15 mm. in diameter and 207 cm. long. was 


Also, the rubber packing was reduced in siz¢ 
ancl 


prepared 
<0 that it passed through a 60 mesh B.S. sieve : 
t was packed loosely by allowing it to settle under its 
own weight This cohunn symmetric elution 
curves, and the linear relationship between corrected 
the molecular 


gave 
and logarithm of 
obtained 

obtained m the latter colunin tor 


retention volume 
weight 

The elut ion curve 
mixture of 23-1 mgm. of polyisobutene (average 
18,000), 46-4 mgm. of pentaery- 
50-6 mgm. of squalane and 


Was 


weight 
tetrastoarate, 
of azulene is shown m Fig. 2. Fractions of 
recoveries of the compounds 


molecular 
thritol 
20-8 mgm 
mi 
ranged from 91 to 103 per cont 
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BIOPHYSICS 


Influence of Atmospheric Oxidation on 
Supercontraction of Wool Fibres reduced 
with Thioglycollic Acid 


THE rate of supercontraction of a keratin fibre is 
progressively enhanced by chemical treatment which 
results in the breakdown of the disulphide cross 
linkages in the fibre. The maximum supercontras 
tion value is, however, not greatly affected by such 
treatment’. Fibres, in which the disulphide cross 
linkages have been reduced with thioglyeollic acid, 
contain a high percentage of sulphydryl groups* 
These sulphydryl groups tend to undergo at mospheri: 
oxidation, which causes the formation of new S—S 

eross-linkages*, a reaction which can be prevented by 
blocking the reactive SH The 
arises as to what the effect of such oxidative changes 
will be on the 


question 


supereontraction of reduced fibres 
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2 
. 
1. Fibre reduced for 3 hr. in t M thiol cacid, A uot \ 
ntreated fibre B. immediately after reduction aft 
reduction; D, 20 days after reduct 


The technique deseribed by Haly and 
Griffith’, 
supercontraction curves of the fibres 

A sample from a fleece of 64's Merino wool was 


was employed for obtaining the kinetis 


washed successively in petroleum ether, 0-1 per cont 
aqueous solution of “Lissapol (Imperial Chemical! 
Industries, Ltd.), water, ethanol and finally ether, al! 
at room rature, 


and then dried in a stream ot 


cold au 


root 


about 1-5 em. were eut from the 
em. in length, from 


Sections of 
end of a fibre. 
both ends of this seetion, were supercontracted in 
V lithnun bromide solution at 90° C. If both 
snippets showed the same supercontraction behaviour, 


Snippets, 0 5-1 


7°82 


it Was assiuned that the fibre section was hon 
The fibre section was then treated 
1 VM solution of thio 


along its length. 

for 3 or 7 hr. at 35° C. witha 
ulveollic acid in pH 5-2 acetate buffer After the 
required reaction-time had expired, the tibre 
washed well in oxygen-free distilled water on a sin 
tered filter. It was then dried rapidly in a 
stream of arr at 40°C. When dry, a snippet was cut 
off and supercontracted. The rest of the redueed fibre 
light At various 


was 


glass 


was stored in the absence of direct 


= 
= be D 
0 
big Fibre reduced tor 7 hr. in 1 wid. A 


B, immediately after m 
10 davs after reduction: F 


intreated fibre 
reduction D 


A 4 
= 
P. i. 
m4 (1000 
A 
*Vaughan, M. } Nature, 188 
- 4 
alte 
davs atter reduction 
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were eut off and super 


tinie-imtervals, pets 
contracted, 

The results are shown in Figs. | and 2 
3 hr. is sufficrent im 
wool to the fibre down to such an 
that partial solution takes the 
contractant, This partial solution could, in faet, be 
observed under the microscope, particularly at the 
sruppet ends. Due to this partial solution, progressive 
elongation takes place after the initial rapid) con 
traction. This contraction, which gave values in good 


It is obvious 


that reduetion of the case of 
Merino 


extent 


break 
place 


agreement with normal equilibrram contraction, was 
n certain Cases so rapid that it could not be photo 
vraphed effectively at the one-second exposure-tune 
nsed, and. consequently, no contraction values are 
shown in the figures. However, as the fibre is pro 
vressively exposed to atmospheric oxidation, the 
extent ot partial solution decreases until final con 
traction values are eventually obtained corresponding 
TO positive contraction. This is probably indicative 
of the restoration, through atmospheric oxidation, 
of the disulphide net work which is mainly responsible 
would, therefore, be imad- 
studies on 


tor keratin stability It 
visable to perform supercontrac 
reduced wool unless precautions are taken to prevent 
reformation of cross-linkages 
©, A. SwWANEPOE! 

South African Wool Textile Research Institute. 
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Ultrasonic Detection of Choledocholithiasis 


PRESENT-DAY methods of detecting yall-stones m 
the common bile duct at operation are not wholly 
satisfactory Stones may be missed m= spite of 
careful palpation, cholangiography and direct explor 
ation of the common bile duct. An attempt has been 
rade to use pulsed ultrasound at the time of operation 
as an adjunct to their detection. 

The apparatus used was a Kelvin and Hughes 
Mark V F flaw detector which is used industrially for 
the detection of flaws in homogeneous structures such 
as steel. The detecting probe contains both trans 
mitting and receiving transducers and operates at 
2 5 Me./see. The transducer emits pulsed ultrasound 
which is transmitted through a liquid or solid medium 
with attenuation and is reflected wholly or im part 
the any obstruction, the acoustic 


from surface of 


impedanee of which differs sufficiently from that of 


the medium. The reflexion or echo is picked up by 
the receiving transducer and the electrical signal 
generated is amplified and displayed on a cathode 
ray oscilloscope with a linear time base to give a 
rough depth calibration (referred to as <A-scope 
presentation). 

Gall-stones of differing 
pigment and mixed) and varying in size from 3 to 
30 mm. were examined in a tank of saline and definite 
echoes were obtained from them. They were located 
by adjusting the position of the transducer head. 
The optimum range was 3-10 em. Very slight 
movement of the transducer produced a marked 
difference in the size of the echo. 

Similar findings were obtained from gall-stones im 
bile ducts and in gall-bladders 
There were, however, two 


composition (cholesterol, 


fresh 
removed at 


post-mortem 
operation 
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main differences; the minimum size of gall-stone 
detectable in bile ducts was 6 rmm., and detection 
proved difficult when the walls of the biliary ducts 
were grossly thickened by disease Similar results 
were obtamed when gall stones im the common bile 
duct were detected at operation. To prov ide a licguid 
medium between the probe and the common bil 
duct, about 0-5 1. of sterile water was poured mto 
the upper abdomen The probe was enclosed ima 
sterile latex sleeve 

Although it is possible with 4-scope presentation To 
use ultrasound to detect gall-stones in the common 
bile duct at operation, the technical difficulties are 
would seem that further research 
lan position indicator’, which 
may have 


considerable’. It 
using B-scope wit! 
vives a two-dimen» onal pieture, some 
thing more reliable to offer the surgeon 

We wish to express our gratitude to Prof. W. R 
Spurrell, Prot. © B. Allsopp, Prof. R. Warwick anc 
Prof. G. W. Taylor in whose departments at Guy = 
and St. Bartholomew's Hospitals the work was carried 
out. We would also like to acknowledge a grant for 
this work from the Clinical Research Committee. 
Guy's Hospital, and to thank Messrs. Kelvin and 
Hughes for the generous loan of the ultrasonic flaw 
detector, and the London Kubber Co. for providing 
the latex 
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BIOCHEMISTRY 


Introduction of the I6x-Hydroxyl Group 
into Cstrogens by Streptomycetes 


Papers concerned with the microbiological trans 
formation of steroids have appeared frequently in the 
past seven years ; however, no examples of the 
hydroxylation of steroids with a benzenoid A ring 
have been observed. We have been able to introduce 
a hydroxyl group into the 162-position of cestrone and 
estradiol with two strains of Streptomyces halstedir 
(ATCC 13,499 and NRRL B-2138) and Streptomyces 
mediocidicus ATC 13,278 

The cultures were grown for two days in shake 
flasks at 28° on a medium which contained yeast 
extract, cerelose, “NZ amine’ type B (an enzymatic 
digest of casein purchased from Sheffield Chernical, 
Norwich, N.Y.) and calcium carbonate at an initial 
pH of 6-7. This growth in 100 mil. was 
inoculate 2 1. of the same medium contained in a 4 1. 
fermenter. This mixture was meubated at 28° with 
stirrmg at 1,750 r.p.m and aeration at one volume 
per volume per minute for 22 hr. After this period, 
500 mgm. of cestrone were added in powdered form. 
The pH of the broth was approximately 6-5. The 
fermentation was continued under the same condi 
tions, for 24 hr. At this time, the whole broth was 
extracted twice with an equal volume of chloro. 
The concentrated extract was qualitatively 


used to 


form. 


j 
rise. 
SE 
4 
4 
J 
Enis 
~ 
| 


reed by neans of 


determme 


paper chromatography! to 
the transformation products A ferri 
chloride colour test was used. Two major transforma 
These 
products were tolated from the extract by silica-gel 
partition chromatography in which ethanol was the 
stationary phase and methylene chloride the mobile 
The ethuent fractions which contained the first 
Crystals 


tion products plus casatrone were observed 


pha “4 
were combmed 
obtamed, 214-216°, +174-8 
» (KBr, 2-97u. (OH) 5-80 (17 
The melting point and optical rotation are 

with those published for 1I6« 
The second more polar compound 


more polar compound, 
vere mp 
methanol) max.) 
ketone) 
in good agreement 
hydrox yoestrone 
vhich migrated on papergrams in the cestriol region 
crystalline, m.p.  281-283°, 
a|p** (dioxane). These properties are the same 
“un those reported for cestriol® The mira red spec trivn 
in lentical with that of authentic oestriol 
(Estradiol converted to l6a hydroxy 
oestrone and These results indicate the 
presence of both hydroge and dehydrogenase 
as well as a l6a-hydroxylase in the above-mentioned 


also obtaimed 


was also 


cestriol 


mero OFZanistiis 
D. A. Kita 
J. L. SARDINAS 
G. M. 
Medical Research Laboratories. 
Chas. Pfizer and Co., Inc 
Groton, Connecticut 
Brever, H., and Nocke, L., Acta Endocrinol., 29, 495 (1958) 
Marrian, G. F., Loke, K. H., Watson, E. J. D., and Panattoni, M 
Biochem, J., 66, 60 (1957) 


Marrian, G. F Riochem. J., 24, 1021 (1930) 


Effects of Tris(p-Aminopheny!)- 
Carbonium Salts and Related Compounds 
on Experimental Schistosomiasis and 
Paragonimiasis 

In 1952, we initiated a programme directed toward 
the synthesis and biological evaluation of a variety 
of triphenylmethane derivatives as potential schisto- 
somicides in the hope that a useful curative drug 
could be developed. To date, more than two hundred 
have been tested in albino mice and several in rhesus 
experimentally infected with a Puerto 
Schistosoma Several com- 


monkeys 
Rican stram of 
pounds have also been tested against the lung fluke 
Paragonimus kellicotti in dogs In the summary 
all amounts of drug are expressed 


presented below, 
as carbonium ion 

In the early stages, we found that 
sample of pararosaniline hydrochloride (also known 
para magenta, basic para 
fuchsin (e€), para-roseine, C]-676 (old) and C/-42500 
new)) exhibited a lethal effect on both mature and 
immature worms in mice when fed in the diet and 
against mature worms in monkeys when administered 
by gavage. These results demonstrated that a moiety 
present m the commercial dye might have not only 
therapeutic but also protective properties 


a commercial 


magenta, magenta, 


“OO 
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Chemical and physical analyses on various comuner 
cial samples of the dye indicated that tris(p-amimo 
phenyljcarbonium chloride (TAC chloride) (la) was 
usually the major component, although varyins 
amounts of metal salts, bis(p-aminopheny])-(4-amino 
m-tolyl) carbonium chloride, 4,4’,4’-methylidym 
trianiline, and 
salts were also Since the 
was the most likely active principle and 
such complex mixtures are not suitable for systemi: 
use as drugs, we isolated a highly purified form 
of TAC chloride. The structure of this compound 
was substantiated by reduction to 4,4',4”-:methv! 
idynetrianiline which was identical with authenti 
samples of this material prepared by the condensation 
of p-acetamidobenzaldehyvde or 4,4’-diaminobenz 
hydrol with aniline. Subsequent testing of TAC 
chloride demonstrated that it had the antischistosony 
activity previously observed with the 
dye and, in addition, protective aetivity in both m 
and monkeys. 

Although TAC chloride and its base [tres( p-amino 
phenyl)methanol |(TAC hydroxide) were well tolerated 
in mice and monkeys at levels necessary for ant 
schistosomal activity, such amounts of both con 
We then 
searched for other TAC salts! which might. retain good 
activity but cause less gastrointestinal reaction and 
this led to tris(p-aminophenyl)carbonium salt wit} 
1/2 f.wt. 4,4’-methylenebis(3-hydroxy-2-naphthoi: 
acid) (TAC pamoate) (Ib). It was prepared! by allow 
ing purified TAC chloride to react with the disodium 
salt of 4,4’-methyleneb/s(3-hydroxy-2-naphthoie acid 
in aqueous methanol and was isolated as a hydrated 
green amorphous solid with an indefinite melting point. 
beginning at 220° C. A representative sample con- 
taining 2-5 per cent water of hydration has the follow- 
ing absorption spectrum: (2max. in 50 per cent MeQH- 
50 per cent pH 4-4 phosphate buffer (c) 237 (133,000), 
289 (50,300), 545 (188,000) mu; Amax. in 50 per cent 
MeOQH—50 per cent 0-1 normal hydroxide 
(c) 288 (19,400), 365 (6,560) mu). 

Curative studies in mice established that 
pamoate was active against mature worms 
wide range of well-tolerated doses (200 1,600 mgm 
kgm./day) when given orally either in the food for 
2-4 weeks or by gavage for 10 days The dos 
response curve was relatively flat. When adminis- 
tered intraperitoneally, the compound was only 
feebly active. The acute oral LD,, in normal mice is 
greater than 7 gm./kgm. In the monkey, TAC pam- 
oate was well tolerated and suppressed ova production 
at gavage doses of 100-400 mgm./kgm. day for 10-20 
days. TAC pamoate was much less emetie in dogs 
than TAC chloride. 

Inasmuch as is a 
likely metabolite of the TAC salts*, it was of interest 
to the activity of this 
compound with TAC chloride in vitro. TAC chloride 
proved to be rapidly schistosomicidal in vitro at 
30 y/ml. and slowly lethal at 12-5 y/ml., while 4,4’,4"- 
methylidvnetrianiline was inactive within 72 hr. at 
concentrations. These re 
that TAC salts are 
schistosomicidal per se. but do 
not. of course, rule out the possi 
bility that there may be activ: 
metabolites. Further investiga- 
tions revealed that the = anti- 
schistosomal of TAC hv- 
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droxide in mice were not reversed by massive doses of 
p-aminobenzoic acid, whereas the antitrypanosomal 
activity of commercial pararosanilineé im mice is 
antagonized by the acid®. Worms in mice treated with 
(AC pamoate began to shift to the liver after seven 
lays of medication; death of the worms lagged about 
-ix days behind the shift to the liver. Live schisto- 
somes from mice treated for nine to eleven days were 
stamed and examined microscopically for evidence ot 
drug-induced damage. The principal changes were a 
reduction in the amount of pigment in the ceca of the 
termales and atrophy of the vitellaria. In addition. 
there was a suggestion of atrophy of the oocytes in 
the posterior end of the ovaries. The general impres 
sion gained from these investigations is that TA‘ 
pamoate acts slowly by interfering with nutrition but 
has little obvious specific organ or tissue toxicity 
tor the schistosomes. 

When administered orally to dogs infected with 
I’. kellicott?, both TAC chloride and TAC pamoate 
mduced a sustained dimunition in egg production and 
egg abnormalities, which included shape variations, 
opaqueness, the appearance of a diffuse germinal 
mass, and indistinct vitelline cells. When normal 
adult lung flukes from an untreated dog were ineuba- 
ted for 4 days with 12-5 or 50 y ml. of TAC chloride 
in horse serum, the worms survived but produced 
similar abnormal eggs; the number was proportional 
to drug concentration. However, when normal 
eggs were incubated with 125-500 y/ml. of TAC 
pamoate in vitro, the only change was a slight staming 
of the outer covering of the egg. Therefore, it seems 
likely that these TAC salts act on the reproductive 
svstem of these worms rather than on the intact eggs 
after oviposition. 

Among the various triphenylmethanes we 
synthesized and tested against S. mansoni in mice. 
the structural requirement for schistosomicidal! 
activity is highly specifie. Thus, tris(p-aminopheny]l)- 
carbonium salts, or derivatives that afford such salts 
in normal use, such as fris(p-aminophenyl)methanol 
and kill a 
high proportion of S. mansoni in mice. However, 
curative activity is abolished or drastically reduced 
when these structures are modified by: (1) reduction 
to the leuco (4,4’,4”-methylidynetrianiline) ; 
(2) removal of one or two amino-groups; (3) alkyla 
tion. halogenation or sulphonation of the benzene 
rings; (4) alkylation of the amino-groups; (5) removal! 
of one p-aminophenyl group; (6) replacement of one 
or more of the amino groups with a hydroxy] group 
or a hydrogen or chlorine atom; (7) replacement 
of the central carbon atom with a sulphur, nitrogen or 
arsenic atom. These results are in agreement with 
early reports by Wright et a/.4 and Schubert® that 
rosaniline, gentian violet and = alphazurine lack 
appreciable action against mature S. mansoni 

During the last stages of this work, Yea-lin and 
Kuang-sheng® reported that rosaniline hydrochloride 
exhibits certain therapeutic effects on S. japonicum 
infections in mice and rabbits. Recently, Yea-lin’ 
revised downward the claims of activity of rosaniline 
hydrochloride and reported pararosaniline hydro 
chloride to be effective against S. japonicum in mice 
In several respects our results do not appear to 
parallel those reported by Yea-lin’ on the activity of 
fourteen compounds related to rosaniline against 
S. japonicum in mice. However, uncertainty regard- 
ing the composition of the compounds he tested and 
differences in species and test methods employed 


have 
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Starch-gel Electrophoresis of Anterior 
Pituitary Hormones 


SEPARATION of pituitary hormones by zone electro 
phoresis on paper has not proved very successful, 
possibly due to complex formation bet ween proteins! 
Starch-gel introduced — by 
Smithies*** separates proteins not only by their net 
charge but also by their molecular size. This pro 
cedure has superior resolving power to paper or 
agar-gel zone electrophoresis and has been success 
fully applied to the analysis of thyrotrophi: 
hormone* *. Starch-gel electrophoretic analyses otf 
various standard preparations of anterior pituitary 
hormones are presented here together with some 
evidence of the distribution of hormonal activities 

A modification of the discontinuous buffer system 
of Poulik? was This system was found to 
separate pituitary proteins better than the original 
method of Smithies. The electrode vessels contained 
0-1 M lithium hydroxide and 0°38 M borie acid. The 
gel was prepared with partially hydrolysed potato 
starch (Connaught Medical Research Laboratories. 
Toronto) and a buffer containing 90 per cent v \ 
0-003 M citric acid, 0-016 tris(hydroxymethy]) 
aminomethane and 10) per cent 0-02) M lithium 
hvdroxide, 0-076 .M borie acid Electrophoresis was 
carried out for 4-5 hr. at average 
15-20 V. per em Durmg this time sheep albumin 
moved about 16 em. and the fastest components in 
sheep pituitary preparations about 30 em. from the 


zone electrophoresis 


used 


voltages of 


or.gmn 

The gels were fixed and stained overnight in 0-01 
per cent migrosim (Gurr), im 
water 50: 10: 40 by vohume 

Fig. | shows the patterns obtained on the bottom 
surface of the gels after electrophoresis of various 
anterior pituitary hormone preparations 

Ox growth hormone (N/JH B82) has two main com 
ponents (labelled 4 and B) migrating towards the 
cathode in addition to several minor components 
migrating to the anode. Several other purified ox and 
sheep growth hormone preparations have all shown 
and B but 


methanol /acetic acid 


components variable minor anodal 


components 
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Relative mobility 
big Photographs of star gels stained with nigtosin showing 
e patterns obtain {1 with anterior pituitary hor I prepara 
na. The samples were inserted at the position marked zero on 
elative mobility scale and this scale was adjusted so that 
prolactin component A had a relative mobility of 100 


{1 and B were located in the unstamecd 


omponents 
gel with a template 


ol by serrating the edges of the 
ws described by Moretti et al." and staiimg 4 
rom the top ot the gel The preces ot gel contaimmimnyg 


shee 


these components were homogenized with saline and 
aved for growth hormone activity in hy pophysee 
Both components approximately 


width of the tibial epiphysial 
plate ane body-weight as responses When the corm 


ponents were re-run by inserting the gel sections ina 
retained their characteristic mobility 


omuzed rats 
jual activity using the 


fresh gel they 
with no detectable overlappmg 
Sheep prolactin (NIH PS3), 15 International Units 


shows more than 20 components on the 


original gel, not all of which ean be seen with the 
smount applied in the experunent illustrated. Purified 
from other sources 


per 


sheep prolactin preparations 
showed similar distribution of the main components 
Biological assay m pigeons showed at least 4 regions 
D, having prolactin activity 
and #2 in crude 
separated on 


of the gel, labelled A 
The main components in regions 1 
sheep pituitary extract have been 
diethylaminoethy!l-cellulose and have been differen 
ally sedimented in intracellular part icle preparations 
(unpublished 


from sheep pituitary homogenate 
experiments) However, separation of the com 
was less readily achieved when purified 


ponents 
prolactin preparations were subject 
uraphy on diet hylaminoet hyl-cellulos« 
came conditions used for erude extract 
from adjacent peaks after chromatography showed 
This suggests that 
increased the 
complexes 


to chromato 
under the 
Fractions 


common starch-gel components 
may have 


procedures 
form 


the components to 
of ox prolactin showed two active 
different from the 


purification 
tendency of 
\ preparation 
components, electrophoretically 
sheep preparat rors 

Pw corticotrophin 
mygrn.. obtained from a pharmaceutical firm, shows a 
main cathodal component and at least 21 minor 
components. The cathodal component is comumnon to 
two other adrenocort icotrophic hormone preparations 
examined and has a mobility intermediate bet ween 
the two growth hormone components 

follicle stimulating hormone 
several minor components, some 
but does not have any strongly staiming 
suggesting that most of the material in 
es not stain heavily with nigrosin 


10S International Units per 


(NIH 


vorly 


Sheep Sl) 


shows 
re 401s ed, 
component, 
the preparation do 
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Sheep litemizing hormone shows a maim 
cathodal component with verv little other materia! 
No biological assay of components in corticotrophin 
1. follicle-stimulating or luteinizing hormone prepa 
rations has been carned out 

\n impure preparation of sheep thyrotrophu 
hormone, 1-5 U.S. Pharmacopeia units per mgm... 
prepared im this laboratory shows at least 15 com 
Wynston ef al have deseribed four com 


ponent 
hormone activity in 


ponents with thyrotrophic 
preparat 1omns from sheep pituitaries 
The existence of several protems with one hormonal! 


activity suggests that degradation of the hormone has 


oemured during fractionation However, the same 
components have been found in fresh pituitary 
extracts subjected to no procedures other than 


homogenization and centrifugation. Polymorphism 
does mot appear to account for the two active com 
ponents of growth hormone, since extracts of indi 
vidual sheep pituitaries all show both components 
This hypothesis has not, however, been disproved for 
prolactin and thyrotrophi hormone. The various 
preparations examined were obtained from pituitary 
tissue and it remains to be shown whether multiple 
forms of anterior pituitary hormones are secreted 
We are grateful to the Endocrinology Study Section, 
National Institutes of Health, Bethesda, United 
States, for the supply of growth hormone, prolactin, 
follicle stimulating hormone and luteinizing hormone. 
An account of these experiments will be published in 
more detail elsewhere 
K. A. FERGUSON 
A. L. C. WALLACE 
lan Clunies Ross Animal Research Laboratory, 
and Industrial Kesearch 
Organization, 
Division of Animal Physiology, 
Prospect, N.S.W. 
Wallace. A. L. C., and Ferguson, K. A I, Ch 
by Elsevier, Amsterdam, 1960) 
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Polymorphism of »,-Acid Glycoprotein 

x,-Acip glyeoprotein'*, a human plasma protem 
of low molecular weight, has been prepared in a state 
of extremely high purity as evidenced by electro 
phoresis and ultracentrifugation over & pH range of 
1-12 and by terminal amimo-acid and immuno 
chemical analyses. Starch-gel electrophoresis of this 
blood constituent at pH 8-5 according to Smithies*:* 
also demonstrated homogeneity. x,-Acid glyco 
protein is further distinguished by the unusually low 
isoelectric point reported to be at pH 2-7 and the 
high carbohydrate content accounting for 40 per cent 
and consisting of sialic acid, galactose, mannose, 
fucose and N-acetyl-glucosanune. 

In view of the recently established genetically 
determined variations of certain plasma protems’~*, 
it appeared of interest to investigate whether or not 
» comparable polymorphism could be found for 
x,-acid glycoprotein. Starch-gel electrophoresis was 
carried out at the following pH values: 7:2, 5-0, 
3-8. 2-7 and 2-0. At its isoelectric point this glyco- 
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j 
St h-gel trophoresis ot wid gl pr 1 
l O02 | phate buffer (a) and of th il acid 
prot it PH 5-0 in 0-02 acetate buffer 
pplicat ttl proteins at the right end hie 
y Direetior f movement from right to left 


protein resolved into several bands, whereas on the 
acid and alkaline side of pH 2-7 


observed 


homogeneity was 


A typical preparation’, derived from: 248 
pooled outdated normal human 


litres of plasma 


(from 1.100 donors of the Commonwealth — of 
Massachiisetts) exjubited seven zones (Fig. la). 
However, x,-acid glycoprotem preparations from 


individual blood specunens separated into different 
numbers of zones 
it id 


was 


lo corroborate the validity of these findings, hy 
pooled 


effecting 


from 
neuraminidase, 


ulycoprotem prepared plasma 


with cleavage ot 
the total content of sialic acid, and again 
subjecte d to starch {fe trophore S18 At pH 2-7 
the resultimg protein revaaled a single band, but at the 
isoelectric point of the enzymatically modified glyco 
protein, that is, at pH 5-0, three 
(Fig. 16). At higher pH values apparent homogeneity 
was restored 

Further 


treated 


essen ly 


zones were noted 


work is in determine the 
genetic implications of these observations. 
We obliged to Dr. J. A. MeComb 
BSsoclales, Division of Biologie Laboratories, 
chusetts Departiment ot 
upernatant 


progress to 
and his 
Massa 
Health, for providing the 
Cohn’s fraction derived 
from pooled normal human plasma, and to Dr. E. H 
Eylar, Harvard Medical School, and Dr. E. H. 
Schultze, Behring-Werke, Marburg-Lahn, Germany, 
for the gift of neuraminidase 

This work Was supported im large pert by vrants 
from the National Institute of Arthritis and Metabolic 


aro 


solution of 


Diseases, United States Public Health Service, 
(Cirant A -3564. 
K. Scumip* 
J. P. BiInerre 
Department of Medicine, 
Harvard Medica! School and the Massachusetts 


General Hospital 
Robert W. Lovett Memorial Unit for the Study of 
Crippling Disease), Boston, Mass 
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Role of Glutathione and of a Self- 
stabilizing Chain of SH-Enzymes and 
Substrates in the Metabolic Regulation 

of Erythrocytes 


Wer have already described the influence of mtra- 
cellular ghitathione on the activity of morgane pyro 
phosphatase and triosephosphatede hivdrogenase! 

As shown in columm 2 of Table 1, other SH-enzymes 
such as hexokinase, glutathione reductase, ghicose-6 
phosphatedehydrogenase are inactivated under con 
ditions of oxidation of glutathione by phenylhydrazine 
accordmy to Beutler Cilucose affords partial protec- 


3. The mechanism of 


tion as nay be seen in column 3 
the effect of 
oxidation of glutathione im the presence of oxygen". 
Glutathionedisulphide, which it Intel 
modimate, Causes oxidation, perhaps by formation of 


phenylhydrazine i catalysed 


formed as an 


mixed disulphides, and mactivation of the ossential 
SH-groups of the enzymes*. The oxidized enzymes, 
if not reduced. undergo within hours irreversible 
chanyes'! 
I INFLUENCE ¢ PHENYLH RAZIN} roe ACTIVITY OF 
Mi 
trol l 
I ibat hr 
| 
Glu M 
tatl ! 1 1 
" 
el] 14-6 
lis hi $4 
Glutat I t 
it i 
hy it 17-8 
i 
1} i em 
The deter GSH (ref. 1¢ hexokinase (ref. 17 luta 
thion lucta ref. 9S), 6-phosphate dehydrogenase (ref. 19) 
were per i cor t il head th 


Protection of the SH-enzymes is ensured by the 
rt duced triphosphopyricdin leot ide forming reac- 
tions of the oxidative breakdown of glucose and the 
The interrelation 
GSH GSSG) and 


bet ween 


the SH 


glatathione rechictase 
the vhaitathione 
enzymes are depicted in Fig. 1. 

The enzymes, which are concerned with the reduc 
tion oft SH groups” 
They are also inactivated when ghitathione is oxidized 


system 


ghitathione. carry essential 


errelations of enzymes and substrates of 


SH-metabolis 


Scheme of int 


4 
b — 
Fig. 1 
for 
Positior 
star 
= 
\ 
\ 
/ \ \ 
\ | N 
ae 


HZ 
TI the extent of enzymatic glutathione reduetion is 
«lit nished In case of prevalence of oxidative con 
more oxidized glutathione would be forryed 


vhich im turn would tivate the SH-enzyimes, 


vhich 


Thu ‘ ele 


ipate in the reduction of itathione 
with destruction of SH-enzyi 
The 
ir when one member of the enzyrmat i 
of glutathione 


cham of SH COMpTrise 


‘ 


and glutathione would arise same cham of 


wo ileal oe 
re«cluetion is 


elf-stabilizing chain 


Simee the 


hexokinase, the pacemaker of glvecolysis'', as well as 


the key enzymes of the oxidative breakdown of the 
vlucose, the oxidation of glutathione might also lead 
to a decline of the metabolism of vlhicose and a 


triphosphate 


aclemosime 


cell 


dimomution of formation of 


vith consequent breakdown of structure and 

It would appear that the system of SH-enzymes 
and their substrates plays a significant part im the 
regulation of metabolism and maintenance of structure 
of the cell, perhaps particularly for the processes of 


maturation and senescence! 
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Prolactin Activity of Human Growth 
Hormone 
ZONE ele ctrophor sis On starch-vel revealed that 
puritied sheep prolactin contamed at least four 
components with crop-sac stimulating activity in the 


Recently three preparations of purified human 
different 
examined by the 


pigeon 


growth hormone mace by procedures im 
cufferent laboratories 
method They 


sheep prolactin im, the 


have been 


narne all show a striking similarity to 
mobility and relative amounts 
of the principal components. This similarity has also 
Barrett, and Astwood 

By contrast the patterns are quite unlike the patterns 


sheep, pig and whale 


heen observed hy Friesen 


ve have observed with ox, 


gyro sth hor ore 
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\ comparison of lounan growth hormone 
preparation, prepared by Dr. Raben, with the 
standard sheep prolactin V/JH 283 is shown in Fig. ! 


Amounts ot the Two preparat ons applied To the gel 


one 


were 2 mgm. for the human growth hormone and 
mem. tor sheep prolactin Based on staimimng 
intensity, these arnounts supply approximately the 
same amount of the prime:pal components m each 


preparation. Biological assay of the two preparations 


stimulating activity gave relative 
potencies of the same order, the juman 
hormone being 2-8 International Units per 
compared with the prolactin, which is rated at 15 


The human growth 


tor crop 
vrowth 


International nits per mgm 


hormone assayed against the ox growth hormone 
standard N/JH B62. using the width of the tibial 
epiphyseal plate in the hypophysectonuzed rat, was 
found to be equal to it m potency. If. as may be 


components mm 
hormone 


inferred from the intensity of the 
relation to amount. of 
apphed, more purified preparations are possible, then 
that of 


attam 


growth 


a growth promoting potency seve ral times 
pure OX OF sheep growth hormone may be 
able 

The mayor labelled 
mobility relative to the principal component of sheep 
prolactin, taken as 100. The 
applied to the gel is msufficient to show up the minor 
Components 100 


components ure their 


mnount of prolactin 


components in the photograph 
113, 123 and 132 appear in both 
correspond to those labelled 41) which had prolactin 


preparat rns anil 


activity in the earher investigatoon'. Components 123 


and 132 in sheep prolactin can eac h be resolved into 


Two ¢ omponents, bit this click not oceur m the analysis 


of the human growth hormone preparation 
components and 96 


In another experiment, 
human growth 


combined, 100, 113 and 123 of the 
hormone were cut out of t he gel, been located 
cle seribed earher! The 
was equalized 


unstained gel as 
amount of gel with each 
by adding blank gel to the 
The separate fractions were assayed for prolactin and 


in the 
component 

narrowet components 
growth hormone activity. For beth assays single dose 
levels and SIX Pigeons or rats ye r fraction were used 
The same proportion of the total amount of each 
gel was injected In the 
same assavs were included two dose-levels of standard 
prolactin, NJH PS3 and standard growth hormone. 
NIH B2, respectively, homogenized with the same 
amounts of starch gel as the separate components 


component present in the 


Also included was a single dose-level of the human 
growth hormone similarly treated 
All the components of human growth hormone 


tested were found to have both prolactin and growth 


hormone activity. The only estimate of the relative 


2 
Ma 
ow 
rigs 
as 
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amounts of each component at present available ts 
be biased by 
the components for the 
than doubt tul 


only the proportion of the activity 


based on and 
different 
cordingly. 


poteney 


Staining intensity 


affinities of dye 
rather 
figures, 


applied to the pre] (corrected for the armount re 


in the top section and edges) appearmg in each of the 
components is shown im Fig. | 
Components 91 and 96 


proportion ot ac tivity and must have a high potenes 


conta a considerable 
The minor components which occur in this region of 


sheep prolactin have not been tested for prolactin 


activity. The recovery of activity in the components 
accounts for somewhat less than the estimated 
activity apphed to the gel for prolactin However 
the diserepancy is within the error of the assay 


The ratio of growth hormone to prolactin activity is 
not constant for the different components, but further 
bioassays are required to confirm this. 

Although the significance of the multiple active 
components remains to be discovered, it seems likely 
that the prolactin activity of human growth hormone 
tion of the 


is not due to contamination. but fume 


tha 


In a 


molecules yrowth hormone 


pos 
activity 
The 


patterns of 


the 


growth 


simularity of siarch-yvel electrophoretic 


hormone and sheep 


growth hermone as 


human 
human 
now prepared may be chemically and phylogeneti 


prolactin suggests that 


eally more clo ely re lated to the prolactins than to the 
the 
studied in this respect. 


seen in the chemucal and physical properties of the 
i 


vrowth hormones ot ON and sheep, the Species 


host Further sunilarity is 
two hormones® In molecular weight and amino-acid 
composition, the growth hormones of different species 
fall imto two 
distinet from one another, except that both possess 
carboxyl and phenyl 


mvestigated appoar To groups quite 


amino-terminal residues of 
alanine. The group comprising man, monkey and pig 
is similar to sheep and ox prolactin exe epi in terminal 


amino-acids, and it is tempting to suggest that 
monkey and pig growth hormone may also have 
prolactin activity However, the starch-gel electro 
phoret t¢ pattern of pig growth hormone does not 


resemble that of sheep prolactin 

It is well established that primates do not respond 
However, it is not 
that a growth hormone related to the hormone of the 


to ox growth hormone’. certain 


ox, sheep and whale is absent im primate pituitaries 
the pig Wilhelmi's 
for the extraction of ox growth hormone 


or madeed im For example, 
method* 
applied to human pituitaries!’ leaves behind much of 
the growth aetivitv which can then be extracted with 
It is 


possible that some of the growth hormone initially 


solvents whi h normally extract sheep prolact mh 


extracted is not identical to that which is brought out 
by the later extraction 

Sheep prolactin has been shown to have growth 
hormone-like effects on glucose-tolerance and insulin 
in dogs 
of nitrogen retention in humans" 
pigeons'' and rats'® has been reported 


* and monkeys*, while stimulation 
and body growth im 


Such evidence 


SOTUSITIVITY 


takes it less surprising that human growth hormone 
preparations should possess both growth hormone and 
prolactin activity. and that the 
bolic effects of prolactin may be a more important 


meta- 


suggests 


part of its function than has been generally 
recognized 
We are indebted to Dr. M.S. Raben for the gift of 


human growth hormone and to the Endocrinology 
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Study Se iy 


National 


Of sheep prolactin 


Tron, Institutes of Health, 


for the gift 
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Nitrogen and Sulphur at the Active 
Centre of Carboxypeptidase A 


\ SERIES of metallocarboxypept idases has been 
prepared by the substitution of manganese, cobalt, 
nickel, copper, zine, the 
the enzymatic 

The stabilit, 
constants, peptidase and esterase activities of these 
derivatives have and compared! 
Zine is bound to the single sulphydryl group of the 


apoenzyme? ®, as is cobalt 


cadmium, or for 
present in 


activity of native carboxypeptidase A ! 


mereury 


element and essential to 


heen studied 


as evidenced by its ex- 
change with zine and by the spectral changes which 
accompany its binding?:*. [It has been suggested that 
a sulphur and a nitrogen atom of carboxypeptidase, 
tovet her metal the 
centre of the enzyme, their interaction being required 
for activity 


with a atom. constitute active 


We now wish to present further evidence in support 
of the hypothesis that a nitrogenous group is involved 
in the binding of metals to the active site of carboxy- 
peptidase 4, The stabilities of the complexes of these 
metals with a series of nitrogen sulphur bidentate 
ligands correlate closely with the affinitv of these 
metals for the binding site on apocarboxy peptidase 
The apparent stability the metallo 
carboxypeptidases in Table L (col. 1) have recently 


constants of 


Table 1 
Metal irboxy peptidase 1 
Log stability Log stability 
(CPD)Mel* constant (apy ) constant (eorr.)t 
CPDMn 
= 4) 
CPD)Cu vl 
CPD)Zn 
CPD)Cd 10-8 
CPID)He 6-7 
* 1 gm, atom of methyl per mole of protein 
Determined in 1M sodium chloride, 0-05 M tris, pH &-0, 4° ¢ 


Corrected for the reduc 
Cl complexes 


tion of (Mefree) by the competing frie and 


ws 
4 
| 
Be 
ig 
: 
ae 
at 


O34 


9 
< Cd 
aes 7n** 
++ 
} 
+ VV 
| Mn 
“ 42 t 24 
Log A wat 
Cor for pticda \ A 
Iphur ‘ mercapt 
t rthe presence of O 1 M KCI cluta 
\ A lu ret 
been measured at pH &, 4 in 0-05 M tris(hydroxy 
methylamimomethane and 1 sodium chloride, 


the latter required to dissolve the enzyme, which is 
herwise msoluble In these 
zine is bound more firmly than anv of the other metals 
Allowing for the complexation of the differ 

by ¢ris and chloride, an appropriate corre 

ascertain the true 
Table 1 (col. 2), 
We 


quite CUrcumMstances, 


studied 
ent 


tion must be made for each to 


stability constants. As is evident from 
this correction is particularly large for mercury 


metallo 


have compared the stability ot these 

carboxypeptidases with similar data from the liter 
ature for eysteme, glutathione. and 2 mercapto 
ethylamine, which form complex metal ions with 


nitrogen and sulphur as the donor atoms (Fig. | 


J 
++ 
+ 3 
oe Hg 
i” 
a+ 
Med os 
++ 
4n o8 4, 
Co 08 eco 
Mn 80 
4+ 
0 4 t) ‘ 
Low A wdel ligand 
} Lack ot rrelat flog K for ecarboxypeptidas 
with low A, tor nitrogen-oxve nitrogen nits n, sulphur 
Uphur, and sulphur trog \ ind gl 
ine; @. ethylenediam tet i: VW. m 
sptoaceli acid ZJ-mereapt lia ti acid 
dimereaptosuceiniec acid. All symt rt n appear 
ing on the same horizontal level as t evml except for Cd 
which is slightly displaced from the symbols in both instance 


All log A, values are taken from ref 
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constants of the 
the 


stability 


those of 


The high correlation of the 


metallocarboxypeptidases 
plexes of the corresponding metals with these nitro 


with 


ven sulphur ligands is striking, and implies a common 
denomunator. We believe that these re sults stronyly 
support the hypothesis that, together with the 

SH group of the enzyme, a nitrogen atom is involved 
apocarboxy- 


single 


in binding zie and other metals to the 
peptidase 

In Fig. 2 these 
plotted against those of mitroven mitroven 
ligands as 


tre constants are 
nitrogen, and sulphur-oxyvgen bidentate 
well as sulphur-nitrogen oxygen tetradentate 
ligand. In contrast with Fig. | there is marke« 
of the data any of the 
shown by these 
of carboxy peptidase A 
ligands are orders of magnitude 


lseatte: 
modes of bimding 
ligands as being consistent with that 
The constants tor disulphide 
ngher than those ot 


ruling out 


carboxypeptidase, as exermplified by the chelate of 


shown im 


also 


zine with dimercaptosuceimic acid, 
Fig. 2 
It is therefore suyvested that the active centre oft 


udes one sulphur, 


Present 


native carboxypeptidase A in 

one nitrogen, and one zime atom. evidence 
indicates that the nitrogen atom is either part of an 
x-amino or, perhaps, an unidazele group Studies 


tween these are in progress. 


to differentiate 
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Similarity of Peptides in Two Antigen- 
combining Fragments released from a 
Rabbit Antibody by Papain 
DURING an examination of the enzymatic hydrolysis 
of rabbit 4 globulin, it was noted that only one-half 
to two-thirds as many peptides could be differentiated 
in the hydrolysates as was expected from the amount 
of base needed to maintain pH during hydrolysis 
approximately 50 peptides were distinguished follow 
ing hydrolysis of rabbit antibodies with trypsin, 70 
following chymotrypsin and 100 following subtilisin, 
whereas approximately 100, 150 and 210 wmoles of 
sodium hydroxide per umole of antibody respectively 
were required to maintain pH at 8-0. The results 
suggested, the possibility that similar or identical 
peptides were released from different parts of the 
resulting in a smaller number of 


Same molecule 


‘oC 
} 
He, 
L.. J Biol, Chem., 235 
n. L. G... Stability ¢ 
“2 
| 


May 15, 


=» 


peptides than the number of 
An opportunity to test 


tably different 
peptide bonds broken. his 
hypothesis was afforded by Porter's isolation of three 
large 
of rabbi Two ot 
antibody and 
oboe per cent of the antibody moiecule ; the third 
Lit. erystallized but had 
activity work reported here, the 


peptide fragments from papain hydrolysates 
globulin'. these, and II, had 
characteristics together comprised 
easily 
antibody In the 
peptides of These three fragments were cor ipared., 
Rabbit antibodies against Type VIL Pneumococeus 
isolated pooled 
precipitation 
homologous The specific precipitate was 
washed VU chloride 
suspended in 0-1 .W/ potassium chloride containing 


traction, Was no 


poly saccharide were from 
rabbit 


antiven. 


Type 


specitic globulin by with 


four times with sodium 


evsieme and 0-002 ethylene 
diamunetetraacetate and hyadroly sed in the pu stat 
at pH 7-0? with twice-crystallized papain im an 
enzyme to antibody ratio of 1: 1,000 by weight. The 


at 2° C. for days and the 
erystals which formed, fraction LLL, were collected and 
recrystallized twice. The remainder of the hydrolysate 
was dialvsed against distilled water and fractionated 
on a carboxymethyl! cellulose column using a pH 5-5 
acetate gradient, 0-005-0-9 M'; all column fractions 
other ihan l and Il were discarded. Type VII poly 
saccharide was readily detected immunochemieally in 
I and It but not in III. In accord with this, S,., for 
Ill in the ultracentrifuge was 3-5 while I and II 
sedimented much more rapidly, the sedimentation 
the ot to 
antigen in the specific precipitate ; the rate of sedi 
of I and II could be decreased by 
addition of type VIL polysaccharide, in keeping with a 


hydrolysate was kept 


constant depending on ratio antibody 


mentation ihe 


decrease in the size of an antigen-antibody complex. 

The three fractions were oxidized with perfornue 
acid? and hydrolysed in the pH-stat at pH 8-0 with 
chymotrypsin or subtilisin. 0-1-0-4 mgm. of peptides 
were applied to a 23 


57 em. sheet of Whatman 
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No l filter paper and electro 
phor sis yy rformed at 52 V. 
for 45 50 min 21-28° C. under 
Varsol’ (Esso Standard Oil Co.) at 
pH 4:2 (0-5 pyridine in 
0-2 M acid). The papers 
dried and subjected to ascend 
chromatography 2.4.6 
?.6-lutidine and water 


patterns 


em, 


at 


per cent 
acet le 
were 
Ing with 
colliding inn 


The 
dey eloped 


a volume ratio 


poprt were 
with ninhydrin 

\pproxin ately 35 peptic s could 
be differentiated im the chymotryp 
sin hydrolysates of land Il (Fig. 1. 
J and 2) and about 50 55 in those 
of TIl (Fig. ¢ The peptide 
patterns obtamed for the subtiisin 
hydrolysates of and IT revealed 
55 to 60 peptides (Fig. 1, and F) 
and 70 to 75 peptic sin the subtil 
isin hydrolysates of IIT (Fig. | F 
Per of I. Il and TIL, 35, 35 
and ou zmoles ot sodium hydroxide 


zmok 


used rs spective ly during ehy 
hydrolysis and 60, 60 
during subtilisin 


were 
psin 
and 90) umoles 
hydrolysis. 
" As can be seen from Fig. 1. the 
peptide patterns for and IL 
rolysed under the same 
were almost identical; a few reproducible differences 
were apparent. The patterns for LIL differed quite 
narkedly from those of I and IT, but overlapping ot 
some peptide positions in hydrolysates of IIL with 
those of [ and II was noted 
It would appear, therefore, approximately 
half the in the for total 
antibody hydrolysed with chymotrypsin or subtilisin 
contained peptides deriv ed trom at least two different 


condit bons 


that 


spots patterns obtained 


parts otf the same molecule, Since rabbit Y globulin 


o have a single peptide chain®, it is interesting 


appears 1 
that two large portions, each equivalent to almost 
one-third of the chain and each contamimng an antigen 
combining site of the anfibody, should have very 
similar peptide structures, 
This work was supported by a grant from the U.S. 
Publ Health Services { 251). 
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‘Sunlight’ Flavour of Beer 


THe fact that an unpleasant flavour occurs on 
exposing beer to sunlight was first reported by 
Lintner in 1875?. Since that time much work has 
been carried out on this phenomenon. No explana 
tion, however, has vet been given 

We have observed by quantitative determination 
that volatile mercaptan was formed in beer exposed 


a 
— 
4 
Fig. 1. Peptide patter f chymotr n hiv Ivsates of 104), 1 
the subtilisin hydrolysates of LCD), (E) and Ineach t 
aoe the vertical stroke demarcating the origin at the bottom centre w ae 
was to the right and solvent chromatog pl Wusl vertica 
: 
/ } 
} 
2 
yal 


Hb 


that humulones 


present 


been found 
(d.e.f 


to sunlight It has 


a,b.) in hops are 
flavour? 


sunlight 


and lupulones 
related to the 
Furthermore, 


sunlight 
that 
ven when hurmulone or lupulone 
heated, to a 
sake* Among the 


formation. of 


it has Deen obse rved 
flavour was formed ¢ 


added, out 


SuUCTONE 


Was beiny fermented 


sol ition of or Japanese 


luprilone aceto 


analogues (gq. only 
d sunlight 


(ret 


svnthetu 


ip none flavour as does 


hurmulone mid lapulone and) unpublished 


results 


Hae 
CHoOtH to 


CH, CH 
CH, CHOCH 


and aceto- 


photor hemical action 


We have humulone 
lupuphenone are degraded by 
and that the 3-methvl-2-butenv! group may be split 
off Sunlight recognized when a mixture 
of hurulone or 
exposed to sunlight under conditions in which oxygen 


flavour is 
acetolupuphenone and cysteine is 
in the solution is replaced by carbon dioxide 
3-Methvl-2-butenvl b.p. 125-127°C 
vas synthesized by the Braun and Plate 
his mercaptan produced the typical sunlight flavour 
of beer added in 
fermented solution of sucrose 
On the basis of this experimental evidence, it 
may be concluded that flavour of 
$-methyl-2-butenyl mereaptan and that it is formed 
by a photor hemical reaction between the 3-methyl-2 


mercaptan 


method of 


when it was trace amounts to a 


sunlight beer is 


butenvl group in the molecules of humulones 


lupulones and certain sulphur-containing com 


pounds present in beet 
Further details will be published in 
Biological Chemistry 


fyriculty 
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Y. OBATA 
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Metabolic Origin of Urinary Methylamine 
in the Rat 


shown! 


that certam monoamine 
the hvdrazme 
phemiprazine and besides 
evel of urinary trvptamime® and 3-phenylethvlamine 
produce a rise of as much as 300) per the 

urinary methvlamine excreted by rats 
the origin of this add tional methyl 
vith compounds which, on 


Jy has 


contamimnyg 


proniazid nereasimg thie 


cent im 
amount ot 
lo demonstrat« 


wnine, rats were myected 


the basis of possible 


their structure appeared to be 
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precursors of this substance. The compounds studied 
dunethy 


100 mam. of 


glveme,  sarcosime, giveme, betame, 
and 
pound to be tested was race in isotonic solution 
to neutral pH and imjeeted into the rat intraperi 
toneally 

To determine the effect of a 
on the 
of pheniprazine Was ted intra 
hours before they received 


were 


creatine methionine the com 


oxidase 


metabolism of these substances 
peritoneally 
into each of three rats three 
a second group 
injected with saline functioned as controls. The rats 
(Wistar, male, 250 gm.) were placed after injection in 
fed on Wayne 
was collected 


and dimethyl 


previously 


the possible methylamine precursors 


metabolism cages im yroups of three, 
Lab 
tor 24 hr 
the 
deseribed!. The 
ot 
Levels of dimethvlamine are not shown beeaus 
altered by 


Blox’ and water ad liitum. Urine 
and the level of both methyl 
determined as 
expressed as 
Table l 
they 
treat 


levels of methvlamine, 


the controls, are shown in 


were not sivnificantly anv of the 


PRESE 


METHYLAMINE IN URINE PROM Rat 
PossIBLeE PRECURSORS OF METHYLAMINE IN THI 
AND ABSENCE OF PHENIPRAZINE 
ne eT 


ntrois Cupper 


LEVELS OF 


per en t value 


parentheses 


absence of pheniprazine, three compounds, 
and creatine, produced significant 
lye 
the 


and methionine 
ra send the 


Tre the 
Sa rcosime, vlveine 
methylamine, sarcosine 
this 


increases in levels of 


active m respect than 


considerably more 

other two. Betaime, 
had no effeet. Injection of pheniprazine 
level of methylamine about 300 per cent as was shown 
previously Thos increase was not significantly affeetod 
by sibs quent myections of either dumethvigiveme or 
methionine. It was raised to more than 400 per cent 
to #12 per cent by sarcosine 
collected on 


with 


by glveme and betaine 
and to 1.240 per cent by creatine. | 
the 
sarcosime 


According to the present results, sare: 


rine 


second dav showed even greater mereases 


1.800 per cent) and betain 730 per cent) 
and rea 
the 


Sarcosine 


ne (of the compounds studied), appear to bee 


likely 
rive rise to methvlamine through the enzyme 
giveme oxidase first Ratner ef 
Dearmidination of creatime would prod SHTCOSITLG, 
which demethaminated to vield 


methvlarmime and glyoxylate Should an 


precursors of methvlamine 


reported by 


may in turn be 
alternative 


metabolism of sarcosime (namely, sarcosme 


oxidase) be blocked by 
sarcosine available for metabolism by 


route oft 


pheniprazine the level of 


wav of giveme 


oxidase would be mereased 

Horner and Mac Kenzie reported that both methion 
ine and betaine may serve as methyl! donors for the 
methvlation of glveme TO sarcosimne However, im the 
present work only betaine facilitates production of 
methylamine m the presence of pheniprazine. This 
indieate that betame or its biologically 


may well 


V2L. 1390 
On ad, R-(CH,), ( 
R-CH, CH 
q a.5,c, R Hi 
ou CH Tee: 
R. k R, 
rents. 
WITH NCE 
| 
EX pre 
Phenipraz 
Untreated N treated No, of 
level 
Sal OD 4 
tl 176 (130 itis ial 
Creatine 150 (146-173 1240 
60.1 
é 
‘t= 
mad 
Lintner, ¢ hel Bierbrauw 
Obata. 1 Horit J. Ag ch Japan, 32. 
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Laboratories, 


Ubiquinone and Tocopherol in Birds 


UNLIKE the rat and the rabbit, it seems from nutri 
by several Props of workers that 


tional stuchies miele 
its 


the chicken needs le vitamin EK, 
contains an adequate supply of selenium and 
tat 
and rabbit® are high 
other animal 


providing 
only 


luted amounts Of unsaturat Since 


levels of ubiquinone im the rat 
vith those 


and since 


compared viven for some 
specs these levels have been found to be 
dependent on vitamin Kf. it was of some interest To 
mVvest irate tocophe rol- and ubiquinone evels in the 
chicken and some other avian species, with particular 


» those which show considerable differences 
reared 


reference 
in their basal metabolic rates. Chickens were 


to 7 weeks on an ordinary commercial ration, and a 
canaries were pure hased as 


group of 4 pieons and 12 
Selected 


adult birds from a conunercial supplier 
tissues from each examined for ubiqui 


ubichromenol and x-tocopherol by analytical 


were 


Species 

methods deseribe d pres ously 

As shown in Table extremely 

tocopherol were confirmed im the 

this species were among the 

The 


low levels of 


young chicken, and 


the ubiquinone levels in 
observed by in in animal tissues 
the piyeon and canary 
higher coneentrations of both ubiquinone 


The level of ubiquinone im the 


lowest vet 


tissues of contained 
siderably 
and tocophe rol. 
powerful pee toral muscle 
mteresting in View of the very high rhit tabolie activity 
which os known to contain high levels 
with 


of the pigeon is parti ularly 


of this tissue 


of other concerned 


enzymes and co-factors 


it is quite an exceptional concentration 
i with those found in muscles of other species 

The uniformly high 
tissues of the canary can also be 


oxidation 


COM pares 
we have examined. levels of 
ibiquinone in all the 
related to the high basal n etabolism im this species” 


On chromatographic examination, all the tissu 
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mixed diets, 
50. However, 


these birds, which were fed ordinary 
were found to contain only ubiquinons 
other ubiquinones ¢ ould easily be introduced into the 
tissues of the birds by feeding them diets contaming 
yeasts, Which contain lower isoprenologues of ubiqui 
the latter there was a marked 


inoprenologue pattorn of the various 


none-o: in Case 
difference in the 

Although 
respects, they are not without significance, and tend 
To support the concept that there os a relationship 
between tocopherol, ubiquinone and oxidation pro 
animals. Although the three 
not on identical diets and the latter 
content, 


these results are preluminary im 


in Bpecies 


examined were 
may have differed somewhat im 
this is a factor that, as Edwin et al.* have shown, has 


vitamin 
only a bearing on the concentration of toco 
pherol accumulated by the tissues. The differences 
Table | undoubtedly reflect real species 
and selenium in the 
will be 


deseribed in 
variations. The role of vitamin EF 
control of ubiquinone in 
cussed in a more detailed report elsewhere 
J. BUNYAN 
» 
DIPpLock 
(;REEN 


avian cles 


Walton Oaks Experimental Station, 
Vitamins, Ltd., Dorking Road, 
Tadworth, Surrey 


wentia, 16, 554 


1958) 


J. Nutr... 65, 601 


in, J when 


chem. 
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Metabolism of Gerbillus pyramidum 


Gerbillus comprises about thirty Species 


THe genus 
which are distributed throughout 
midum or the greater Egyptian gerbil, as 
ealled. is found in Arabia North Africa to 
Morocco on the and eastern Africa 
through the Anglo-Egyptian Sudan to Kenya and 
Tanganyika! 


The 


Africa Gi. pyra 
it is also 
aCTOSS 


west down 


species discussed im this communication, 
pi amidum, differs some what from the Mongolian 
gerbil, We unquiculatus, im that larger 
ier animal with a less-docile temperament 


it isn a 


and hea, 

Because there are geographical and climatological 
differences im the habitats of the two Species, inherent 
their metabolism and body 


differences in energy 


temipe rature regulation might also occur 


uw measured by means of 
it closed which 
commercial recording servo-spirometer (Mouse Spiro 
meter, model 160, Custom Engineerimny and Develop 
ment Co., St. Louis, Missourt) 

Twenty-one animals were used in the metabolic 
investigation, ten males and 
weight from 72 to 145 gm 
which the oxygen 
those described in a previous paper 


Oxygen Wi 


circuit apparatiis incorporated 


eleven 
The 


‘ onsumpt 


phase of th 
fernales, rangi g im 
conditions under 
was measured are 
dealing with the Mongolian gerbil, We ; 


The housed, durmyg 


nes unquicu 


atus animal was the test 
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a 
fable 1. (VQ), (UC) AND 
| IN THE TISSUES OF SOME BIkD= 
Brea am 


Hos 


contained 
The 


really 


wh ch 
clroxide 


nerinostat 


wrod, mm a stall chamber, 


woda lime for absorption of carbon 
im a 
which could be set at 
\fier the 
in the chamber, an equilibration period ot 
the 


exper montal 


chamber was 


controlled water-bath 


closired armibient temperatur animal 


at least | hr. was allowed to ¢ fore 
period 
period lasted about 50 min \t 
had to agree closely betore 
Metabohe m 
at ambient temperatures of 15 40° ¢ 
yim. bod veight hr 


‘ ty 
The 


‘ peel mental Wais beg ith 


vO COmseculive 


runes the resultant value 


asurements were 


Was accepted 

and expre 

as oxvgen consumption in mal 


should be regarded as being 


This measurement 
the 


in a tasting 


that ot the 


were mot 


Least squares fitting of curves to the data, for 


below ieladed the equation 
\ 3-88 0-102 whet Y represents ambient 
temperature, and X oxygen consumption mal. gem 


bodv-weight he The correlation coefticrent of this 


curve os The eritical temperature for G 
puramilum to be 30° Below this tempera 
ture. metabolism increases in & linear fashion, with 
decreasing ambient temperature at the rate of 
702 mil. oxvgen gon 


Oxygen consumption rises sharply at temperatures 


above 30° ¢ The regression line between 30 and 
0° Cis X 3-92 0-146 Y. Between 30 and 
there a somewhat greater scatter of the 


sults for each of the temperatures at which metabolic 
As a result the correlation 
in 


measurement were 
for the regre 


feasible to m 


ont ssrom bone 


imultaneously the 
and oxvgen consumption. There 
ygulatory 


sure 


mo 


It was 
bendy rature 


im order to ascertam thermo 


to expose another group ol annals 


fore 
it Was necessary 
to armbrent temnperat simular to those encountered 
the chamber 
in this phase of the mvestiation 
Phe individually 
Open top plastic boxes iM the hot 
prov iced, although very littho, af 
temperatures were taken 


metabolu Five animals were used 


housed um large 


Water 


mated 


gerbils wel 
room wits 


any, Was ¢ 
witha small thermo 
couple just before entering the room and thereafter 


at hourly 
approximately level 


inserted to a 
lobe of 
the liver Th in Our experience 
the true reading of core temperature The 
and 40° © 


eX POSsUres 


wis 


interva probe 


point with the lower 


ambiont 
Table | 
The 2-hr 


ten peratures chosen were 35 


arizes the ! sult of these 


} is ineluded both to enable comparison with the 


va it 


10 15 “0 q 
Ambient temperature ( 
Fig. 1 Effect of ambient temper ature on oxygen nsumpti 


in Gert ux pyramidum 
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Pable St MMARY THE KReSULT EME GERBILS 
HRA 
tem 
t After ex] 
‘ M h t ‘ ana 
other species, VW. datus, and to mucieate the 


thermal state oft the animal at the « nd of a metabolre 


measurement which usually took 2 hr 
It is clear that while the Afrmean gerbil is mot 
yreat ly inconvenienced at 35 © even after 6 hr 


exposur it Is incapacitated at 40° C. within a very 
short 1 
The animals salivate and wet their chests and he down 
shifting their 
Phis behaviour 


Nielsen’, 


for the conunon laboratory 


mie Visual observation alone contirms this 


in a sprawled frequent ly 
position as if to seek a cooler location 
is much like that desertbed by Sechroidt 
Herrington! and others 
animals It is im sharp contrast to the behaviour of 
the Mongolian gerbils, which at a similar temperature 
did not uncomfortable even though 
they were exposed for a longer period. Two of the 
cied in than 


position, 


rear to be 


loss 


African gerbils exposed to 40° 


3h hr two others which seemed severely affeeted 
were removed to a cool environment at 4 hr., but 
died later Their body temperature at the time 
thev were removed had reac hed 43-5 

It is evident tron the foreyounw, results that the 


metabols pattern of the African gerbil. G. pyram dium. 
is similar to that of the albimo rat In both animals 
the mereased betwoen 
and three-fold as the temperature Is decreased from 
25-10° C. The eritical temperature tor both species 
is about 30° C with a very thermo 
This result is im accord with the pattern 


resting metabolism two 


narrow ot 
neutrality 
for tropical mammals as Ciscussed. and illustrated by 
The unlike the 


pattern Mongolian 


are 
the 


present results 
displayed — by 


ulatus The Mongolian 


Scholander’ 


abolu 


gerbil, unque species 
shows am mecrease inh metabolism between 25 and 
© (similar to that of the Afriean Species) but 
quite unlike the African species wunquiculatus 
has a zone of thermal neutrality extending trom 
30-40 © This difference between the two species 


may be due, in great part, to the superior capacity 

of Mi. und siculatus to regulate Its body temp ‘rature 

in a hot environment. It is likely that G. pyramidum 

spends the davlight hours in burrows where the 

conditions of temperature and humidity do not tax 

mechanism 
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Spectral Sensitivity of Single Visual Cells 


Since the work of Young and Helmholtz, the 
highly developed colour vision im Mian and many 
animals has been thought to depend on several, 
usually three, retinal re ceptors with different sper tral 
Such a theory is best suited for the 


sensitivity 
explanation of human sensations, of animal reactions, 


and of electrical responses of the whole eye. It is, 
difficult to determine the spectral 
sensitivity of the postulated single receptors using 
methods. The different photo 
rents has been demonstrated by chemical 


photometric 


however, very 
these existence of 
SETISITIVO Pie 
and in 
for the manmimalian 


methods in ver ebriates’, 
measurements have shown then 
But this again does not give us an entirely 


retima' 
of the principal unit-level 


satisfactory 
t sueceessful chemical analyse 


functions, and the very 
ot the visual pigments do mot help us understand 
colour vision?’ 

Hitherto, electrical recordings from single eloments 
in the vertebrate retina have been earried out only 
on the level of ganglion cells and not on the level of 
yptors?’s. It is clear from these experunents 
that in the laver of bipolar cells and in the mner 
plexiform layer we are dealing with the integrated 
activity and not with the primary reactions of Visual 
Electrical recording from single visual cells of 
(Calliphora erythrocephala) was made 
with a_ tip 


single ret 


cells 
the 
successfully, 
diameter of approximately O-ly (ref. 7). 

On the basis of results of electrophysiological and 
appears to 


blowtly 


using microelectrodes 


behavioural experiments, ¢ olour vision 
in Calliphora, and the spectral sensitivity of the 
whole eye 1s well known’. The study of the spectral 


of single visual cells in this animal may 


SONSITIVITY 
provide information necessary for the understanding 
of colour vision in arthropods and might probably 
provide a model for colour vision in general, Basic 
properties of the receptor potent ials, the mechanism ot 
analysing the plane of polarized light in the omma 
tidia, and details of the methods are described else 
where’? 
In the stimulating lights 


presemt experiments, 


were monochromatic flashes of equal quanta and of 


0-1 or 0-02 sec. duration with an interval of 10 sec 
The spectral range 315-681 mu was covered by a 
series of narrow-band interference filters with a mean 
wave-length interval of 19 mu between filter peaks 

The spectral sensitivity of 39 single visual cells was 
determined for the wild form of Calliphora ; additional 
experiments were performed with the white-apricot 
mutant. in which the red screening pigment is absent 

All cells in the dorsal part of the eye have a uniform 
sensitivity curve with one maximum at 489 mu, o 

7 mu, and a second maximum in the ultra-violet at 
Three different receptor types 
were found in the ventral part of the eye: (1) a 
imilar to that in the dorsal part with 
and a second 


345 mu, o 3 mu. 


green receptor 
one maximum at 491 mu, o 6 meu, 
maximum in the ultra-violet, again at 345 mu, 6 

Ima; (2) a blue receptor with one maximum in the 
visible part of the spectrum at 468 mu, o 6 mu, 
and a second maximum agam at 345 mu, o 2? mu 
(3) a yellow-green receptor w ith 
and another 


in the ultra-violet 
one maximum at 524 mu, o 7 mu, 
maximum also at 345 mu. 
Statistical treatment for the 49l-mu and 468-mu 
0.0002: for the 491-mu and for the 
0.0002: for the 468-mu and 
0 0002 Comparison of the 


peaks gave 
524-myu peaks, 17 
524-mu peaks, 
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maximum for the dorsal part at 459 mu with the 
maximum for the ventral part at 491 mu 
P—0-8. All maxima in the ultra-violet are very close 
to each other, with J’ between 0-48 and 0-66. 

If one eurves of receptors 
belonging to the most common type with the 491-mu 
the maximum at 491 
; follow one another 


compares SENSITIVITY 


maximum by setting mi as 
100 per cent amp! tude, the curve 
with one exception ; some of thern have a hump or 
even a third peak at 616 mu. If 
compared according to the absolute value of potential 
arplitudes, the following rule becomes clear: the 
lower the response of an eloment, the more significant 
becomes the hump at 616 my, and only elements with 


the elements are 


very foeble action potent ials show a peak at 616 my 
This observation shows that the red screoning pigment 
does not absorb light of this wave-length, and in 
weakly ilhumimated elements the portion of seattered 
red light becomes much greater than the portion ot 
light conunge through the dioptric apparatus of the 
omumatidium. On the other hand, except in the case of 
weakly illuminated elements and in the far red, the 
screening pigments are not relevant to the shape of the 
sensitivity curves. It appears from these experiments 
that C'alliphora erythroce; hala jas at least three visual 
receptors with different spectral sensitivities. <All 
sensitivity curves have a uniform peak at 345 my 
This corresponds very well tothe rather stable position 
of the 6-absorption im all derivatives of vertebrate 
visual pigments The correct value of this wave 
length may be the same im Calliphora and m verte 
have 
It may be 


brates, because our measurements may heen 
affected by the quality of filter available 
assumed that the visual pigment of the most common 
type of visual cell in Calliphora is a retinene with 
the maximum absorption negr 490 my.” This pigment 
Is already known to oceur in insecits!® 

All the cells in the upper part of the eye yielded 
only one uniform curve This situation is similar to 
that in other insects, which have been found to have 
one part of the eye sensitive to colours and another 
Periplaneta™, 


common 


part colour-blind ; for example, 
Votonecta’®, and Libellula'’. The 
receptor in the ventral part functions like the dorsal 
one. The numerical relationship among green, blue 
and yellow-green receptors 18 18: 4:3. Ifthe assump 
tion is made that five of the seven visual cells within 
each ommatidium are green receptors, and, of the 
remaining two. one is a blue and the other a yellow- 
green the numerical relationship would 
come very elose to that actually found 
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A Potential Source of Error in the 
Hexobarbitone Sleeping-Time Test in 
Mice 


attention to the effect 
ration on th ome me oft 
ee We ha been able to eonftir th work ar il 

that of earlier workers with respect to the effects of 
hvyadration im mice but it not generally appreciated 
that dehyadratior whether achieved by means of 
clinretic avent r deprivation of water for relatively 


short periods, has a significant effect on hoxobarbitone 


loopimg time; these effects mav lead to error in the 
creenimg of potential central nervous system: depres 
sants where these ayvents also have ome or 
accidentally re! from the antnals for short 
per nl 
We h found t} eries of ibstance 

lated either che nrucally or im their. rode 
of action, reduced hexobarbitone time im 
is deprivation of water for vely short 


periods 


Unfasted female albino mice weighing 17-20 gm 
received hexobarbitone sodium 100 mgm./kgm. at 
different mtervals after rece my a close of cduuiretic 
The interval at which maximum effeet was obtamed 


was taken as 
ot the 


is the onlv one reported Slee ping tine 


the mterval between the loss and the regaimimng 


righting re All crugs were given by 
toneal route in a volume of 0-2 mi. ch ll water per 
20 bodv-weight The diuretics oxamined were 
acetazolamide sox 20 mig 


sulphate (LOO mgm. 


500 mum. /kem 

soli chlorick 200) mum. kom biearb 
onate (200) mgm. kgm ammonium chilorick 
kyr and injection of ‘“Mersalyl 
mil. kgm Control groups received O-2 mil of 
distilled watet ut am appropriate time interval 
before the ar Ten mince per group were u od 


lhe results in Table 1 show that all the diuretics 
used im the experiment nificantly reduced the 
hexobarbitone sleeping time 

Before the administration of hoxobarbitone in the 


water deprivation experiments, the aninals were 
Ta 
tw 
ne Values 
r 
t 
\ 
\ 
1 ol 
0-00] 
Fable 
Hot het n gt 
fw itrel i rw r Value of / 
f hexoba tin I 


TURE 


May 13. 1961 


‘ 


deprived of 
not deprived of food 


for iIntervais of 


Deprivation of water 


water Vary ing 
They were 


restuuits of 


these OXPerTinients 


tor 2! hr. before the admunistration of the hexo 
barbitone has a highly significant effeet on the 
sleeping time. Mice have a high rover rate of 
water, about five times that of man una reason 


they ar susceptible to 
whether occasioned by withdrawal of 


dliuretut A water lo 


toneally hr 


to conclude that 
delivadrat OTL 


water supplies or by 


able 


mlkgm.. when given intraper 


the anesthetic. significantly mereased the sleeping 
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Stathmokinetic (Mitosis-inhibiting) Method 
for estimating Plasma Erythropoietic 
Hormone 


methods for estimating the erythropoieti 
plasma 
altered 


the change inn 


ASSAY 


activity of amples wily involve the 


Values in test 
of radioiron 


evaluation ot atological 


animals, or Incorporation 


into the red cells of test animals— usually rats wit! 
polye incluced by transl ion. bone 
marrow techniques do no to be widely used 


conununieation dercribes a meihod for assay 


il tit 


ilating properties ot 
cellular 


img” plasma extracts, 
which appear to be confined to erythroid 
division as observed in the bone marrow of the intact 
rat 

Activated plasma was obtained by bleeding rabbits 
(2-5-3°5 kgm.), 10 body ght. for 3 
days, a level bet 


1OOml. On the fourth day the anunals 


mil. kgm Weil 


ween 5 


and 6 gm 

were exsanguinated under nembutal anesthesia and 
blood taken by aortic catheter was received imto 
bottles containing heparin as anticoagulant, The 
cells were then centrifuged off at + ¢ and the 


plasma stored at 3° C. Samples were pooled and ithen 


Keighly modific ation 


Borsook 


extracted, using Lowy and 


of the method deseribed by 


Adult Wistar rats. weighing 150-180 gm... from a 
closed colonv were the re« ipient animals No 
was used unless it had been im the laboratory for at 


least 4 davs and more usually the period was more 
than a week, 
sub 


made 
10 acm. on the 


Injections of plasma were 
cutaneously for 3 consecutive days. At 
fourth day, IS hr. after the last 
enutaneous myection of colchicine, 
5 hr. later the animals were killed. 
a femur and marrow prepared 
Duplicate smears prepared from each animal were 


air-dried, fixed in methyl aleohol and stained with 


Tiom, 
LOO gin. 


injec sub 


0-05 mgm. 
weight, was given 


removed, smears 


May-Grunwald Giemsa stain. 


i 
7 
tume but 
shows the 
J 
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The tilms were examined 


inder a high power fans 
1 coll 


using oil inunersion. Five hundred nucleated re 
the number of 
divisions noted and the result expressed as a per 
Red-cell 
sot nt were counted, no attempt being 
differentiate 
maturation, Cell differentiation was mmproved by the 
florid re tapha from 
A number of cells defied identification, 


irsors were counted, 


contage mitotic madex 


precursors at all 


to between various asatages ol 
colchicine 


The 


animals 


pattorns resulting 
blocking 

index of normal unstimulated 
receiving colchicine was estimated in 8 rats and the 
found to be 3:8 1-4 S.E. All 
expressed as a percentage merease above this figure. 
dose response the 
The interrupted line 


shows the response with extract prepared from plasina 


mean results were 


Fig. | shows a wing 


method im groups of 4 or 5 rats 


obtained from unbled rabbits. 
that a very considerable increase in the mitotie index 
extract. 


It is at once apparent 
occurs with very small doses of the active 
‘The fall in the response to the 4-ml 
in such a biological svstem. 
4-ml 
suggests a tachyphylaxis 


active) dose 1s 
what one would expect 
The rather sharp fall at 2 
extract from unbled animals 
which might result from antibody formation due to 
prote in 


doses for the 


and 


injection of relatively large quantities of 


containing extract of low potency. 

CGrant® used colchicine to demonstrate its mitotic 
inhibiting properties in bled rats, and in rats subjected 
to an atmosphere with low oxygen tension; my 
results are in accord with his findings. 

The main advantage of the method appears to be 

an advantage 
procedures, \ 


objectivity a 


in the lower dose range 


other 


ITS KEMSITIVITY 
in striking contrast to AsSAay 
disadvantage is its lack of 


removed by re-labelling the 


disadvantage partially 
specimens by an independent observer, who disclosed 
the key only when the results were known. 

Using this method, I have shown (unpublished 
work) that although mitotic erythroid hyperactivity 
is induced, the reticulocyte counts are not altered to a 
significant degree. Injections continued for 10 days 
did not produce changes in the hwmoglobin-level ; 
this may mean that th» factor necessary to caure this 
change was lacking, or alternatively that the potency 
of the material was low and that larger doses than 
used (0-75 ml./100 gm.) might be 
have proceeded, the only 


those effective 
So far as these experiments 
effect has been on the rate of mitosis in the erythroid 


marrow cells. 
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respon thie for 
demons! rated 
ible 


probable that this factor 
Thiet 


ether-s« 


ar division is identical with 


other 


ibed by Linman, Bethell and their co-workers 
tuctor,. 


for example, the fraction 


ther work is proceeding to characterize thi: 
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Paracrystalline Hemoglobin as a Species 
Difference between Rattus norvegicus and 
Rattus rattus 


white rat almost always 

Norway rit 
exceopl onally 

Rattus rattus 

two species are morphologically similar, which makes 

it rather diffieudt to distinguish ther Nevertheless 


there are which 


non laboratory 
of the (brown rat, 
and only 


albimo variety of the black rat 


qualitative characters make dis 


tinction sure 
On albino rat in 


in @ refrigerator their hwmo 


erythrocytes of 


isporud Thy the 
isotomic sodium: ertrate 
ylobin attams certain paracry stalline state charac 
terizedd by general birefringence of these red colls im 
light (Fig. 1) combined with 
increased osmotic resistance’, 
Comparative studies showed that the red cells of 
the brown rat (Rattus norvegicus) only, be it the 
albino or the wild varietv, sustain this change. It 


polarized enormously 


could not 
pension, in the red cells of either the nearest zool 
ogical relative—the wild black rat (Rattus rattus) 
or other animal 
(A pode mus aqrarius), rabbit. hamster (C'ricetus crice 
tus, 
pig, horned cattle, sheep and man. 


be observed, even after prolonged SUB 


species--white mouse, mouse 


Vesocricetus auratus), cumea pig. cat, dog, horse, 


Fig. 1. Diffuse birefringence of paracrystalline red cells in the 
tlbino rat (Rattus norvegicus) in polarized light after 28 hr 
storage in cold isotonic sodium citrate 
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Integral and distribut rves amotic resista 
human and a it (Rattus norvegicus red cells during storag 
in ld isotonic sodiu trate 


ervthroeyvtes of th 
and other anun il species were found im 
smotic resistances The storage ot erythro 


ianied with gradual 


nees between the 


Norway rat 


changes 


im ¢ cit ute acco 
and marked nerease ofl their osmotic ance 
espocially im t hours of suspension, arul the 
maxit mim attaimod w ithin 60-72 hr The merease 
rh re as evident from the Gau like 
tvpe of the distribution curves All but the red cells 
of the Norway rat react thus and even extremely 
resistant cells hwmolyse im distilled water (Fig. 2, 
part) 

1} 


to that, the osmotic resistance oF 
red cells in the Norway rat changes in a different 
cells bemg unevenly affected by cold ertrate 
(Fig. 2. one part mereases resistances 


in roughly the 


In contrast 


lower part) : 
the same way as in other species, but 
other attains resistance ol such a degree that it with 
molvysis even in distilled water The respec 

reflecting a 


stands he 
tive distribution 
change of the originally homogeneous 
one with bimodal variability’ 

Two qualitatively different types of red cells thus 
side by 
rat red cells, 
fringent and highly resi 
proportional to the duration of storage im the cold 


are bimodal, 


irves 


into 


side in the eitrate suspension of brown 
the fraction of the paracry stalline bire 


be ny 


exist 


‘tant erythrocytes 
citrate 
The im ree 


colloid chemical properties 0 


sistance is due to change of 
f hemoglobin protems 


mcrease 
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of intracellular colloid 
corpuscular 


resulting from the escape 
water. The relation between 
volume of the suspended red cells and the amount ot 
their and n con 
centration is an indirect proof of this 

The mean red decreases abruptly 
during the first 2 hr. of suspension im citrate through 


mean 


intracellular potassimun changes 


coll volume 


the escape of water while the absolute potassium 
q iantity (uygin. one red cell) falls m ich slower 
As a result, its osmotically offeetive concentration 
oxpre ssedl in m.equiv. 1. of red eells) is higher than 


Red cells become more hypertonic 


before storage 


than their environment and the initial decrease of 
their volume cannot be aseribed to loss of free water 
which only solves erystalloids but rather to water 


bound on colloids of the protem red cell core. Through 
this dehydration of intracellular proteins the red cells 
rigid and gel-like, swell with 
therefore 


become more only 
difficulty 
resistance 

Red cells with sodium tor thew maim cat 


and hence having still less possibility of 


and show increased osmotic 


ion (she op. 


cattle, cat)? 
intracellular 


etfective 


decreasing their osmotically 

concentration in an environment rich in sodium react 
in the same way. 

Dehydration of intracellular protem 18 80 far 

in some red cells of the Norway rat that 

foreed, owing to lack 


talline 


acy inced 
the hemoyvlobin molecules are 
of rooin, 10 arrange themselves into a paracry? 
The structural orderliness 


birefringent space system. 
ared rigudity ot these cells are so great that the cells 


withstand hemolysis even in distilled water, being 
unable to swell sufficiently 

The birefringence described and variability of bi- 
modal Osmotic resistance in the Norway rat were 
found in both common laboratory white rat strams 
and inbred Wistar, LE. PVG and WAG strains, This 
supports the suggestion that all commonly kept 


laboratory rats belong to the Norway rat species, not 


to the black rat (Ratt ws rattus) BP ces 
Z. Voxac* 
Department of Physiology, 
Faculty ot Mecieine, 
Brno, Czechoslovakia, 


° Pr nt addre s ka 2, Pragu 
Griffit jun., J. Q Farris, E. J., The Rat Laboratory In- 
pation cond ed, (Lippincott, London, 1949 
Worden, A. N., edit. by, The UFAW Handbook » the Care and 
Management of Laboratory Animals (Bailliere Tindall and Cox, 


London, 1949 


Jung. S.. Zucht und Haltung der wichtigsten Laboratoriums rersuchatiere 
her. Jena, 1058) 

‘Ponder, E., J. Gen. Phys 29, 89 (1945 

Wilbrandt, W Hel Physiol. Acta, 2. Supt 3, 47 (1044). 


* Vokad, Z., J. de 
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PATHOLOGY 


Zymograms in Human Pathology 


EnzyME histochemistry is sometimes a valuable 


aid in differentiating tumours in human pathology! 


2 


and in studying several other pathological proces 

The methods used in histochemistry 
The action of the 
enzyme as such. 


are based on 
the localization of enzyme activity. 
enzyme is demonstrated, not tho 
Moreover, in principle, it 1s possible to demonstrate 

The method of Hunter 
Tissue homogenates are 


substance’. 
which 


anv enNnzvme as a 
and Market**, m 


aa 
Similar 
siol., 139, 87 (1957). 
4 


NATURE 


tana 


schwarz 


ited by means of starch gol lectrophores 


stained in the oleetro 


different 
after which the enzymes are 
phoresis diagram according to a technique derived 
rv, offers a possibility of combina 
The histochomical tech 


from histochems 
tion of characterizations 
1 locates the action of the enzyme; 
s diagram more or 
protein With 

Hunter! 


esterases im 


nique employer 
the pos 


less ¢ jiarac 


tion on the eleetrophores 
Terizes the enzvIne as 4 
Market 


Various 


this technique, and 


in demonstrating 


the al of 
succeeded 
homogenates of organs of the mouse The pretures 


localization of enzyme 


the 
diagram, are 


obtamed, 
im the 
grams 

Wo used a somewhat modified and rather si uple r 
followed by 


eles trophoresis called 
i 


technique, namely, agar eles trophoresis’, 
histoche mical location of the enzyme 
esterase in various anomalies im 
human pathology. 

Histochemical slides (2-5 x 75em 
ersed in | per cent agar 
solution and dried Next 3 mil. of 
1-5 per cent agar solution in veronal 
buffer pH is 
slides. Beforehand, strips of eleetro 
phoresis paper are attached to the 
ends of the slides by means of buffer. 
These are hung in the 
With an needle, 
holes are punched in the 
which are filled 
This is prepared by homo 


are 


poured on the 


ele etrode 
trays imyection 
straight 
agar with homo 
genate. 


genizing tissue in a Buhler apparatus 
with equal volume of distilled water 


643 


by adding | mil. of I per cent x naphthol acetate in 50 
per cent acetone and 5 mil. of 0-2 M disodium hydro- 
gen phosphate to 50 ml. of distilled water. In it some 
fast blue salt RR or B is dissolved. After incubation 
it is washed in distilled water, followed by overnight 
fixation in ethanol 50 per cent. After drying at 37°C. 
(glasses covered with iilter paper) it 15 covered with 
cover-glass and glycerin gelatin. Other glasses are 
stamed for protem after electrophoresis by means 

amblosehwarz 

Fresh human material, mostly obtamed by opera 
Several anomalies 


tion, was propared in this manner. 
Also in human 


in various organs could be studied. 
material the zymograms thus obtained show distinctly 
gives an illustration. In 


different esterases. Fig. | 
zvimograms of anomalies in the digestive 
gland and pulmonary 
These 


representative of what was observe d in larger material 


Fig. 2 a few 
tract, thyroid 
aC hen ati ally 


tumours are 
crouped illustrations are 
With our technique, in the maim, 6 esterases are 
encountered inh i! an material (1 EV, V, V1). 
Three of these i. Ba 111) move in the direction of the 
fron the blood, the other three in the 


globulins 


alburnm 
direction of the 

Some general conclusions miaty already be drawn 
from that different 
organs do not show the same zymogram. There are 
qualitative differences, for example, in the homo- 
genates of the thyroid gland, the I and II esterases are 
lacking, and quantitative differences, for example, 
the predominance of I esterase in the digestive tract. 
Histochemically the highest activity im 
thyroid vland, digestive tract and lung carcinoma was 
localized in the epithelium. The zymograms show 
highest activity of \V oe and I esterase respectively. 
The whether electrophoretically 


different esterases show characteristic sites of localiza- 


our observations It appears 


esterase 


question 


tion. Further, it how the tumours of a 
single organ (lung carcinoma) show a fairly identical 
An adenocarcinoma of the appendix is 
from it This displays a pattern 
non-tumour-like anomalies of the 


is noteworthy 


pattern 
different 
similar to some 
digestive tract 
Protein staining of the electrophoresis slides 
naturally shows a pattern quite different from the 
It is noteworthy that protein is often 


- 


searcoly demonstrable at the site of highest 


matie activity (Fig. 1). This opens up possibilities 


for isolation 


rative 


After electrophoresis (4 hr., 5 V./em.) 
the « lectrophoresis slides are stammed 
for O- hr by esterase 
method®. The substrate is prepared 


Fig. 2. Semischematic representation of zymograms. 1, Chronic ulcer 
2, adenocarcinoma of the large intestine 3, polyp of the large 
intestine $. nodular goitre ; 5, thyroid gland (disturbance in hormone 
synthesis) 6, bronchial carcinoma (oat-cell type 7, bronchial carcinoma 
unaplastic squamous type) ; 8, bronchial carcinoma (squamous type) 


colitis ; 


(jomoris 


G 
‘ 
i 
. 
| 
ae Fig. 1. A. Zymogram of homogenate of nodular goitre (upper) and a 
denocarcinoma of the large intestine (lower); amid 
mm stained electrophoretic diagrams of the same home 
genates (albumin’ moving to the right) 
atl 
1 2 3 4 5 7 
\ 
itt 
ares If 
hy. 
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In primerple the method omploved in also suitable 
for other enzymes. It has already been applied by us 
in the case of acid phosphatase, for example 

QhORT 


R. G. J. 


Univer ty of ler 

R. G. J., Ned. 7 100, 

M ‘ 125 ’ 
* Mari ‘ i l 

( Biophys. Acta, 17 

‘ ‘ ( RK. D., J. ¢ 41 

A Heteroglycan from Toxoplasma gondii 

LITTLE known about the bioch mical determ 
inants of virulenes and antigenict in Protozoa 
So far as Wwe are aware, rhe noche eal 
om £04 plasned have yet been pol od 
the work of Hook and Faber They howed that 
ytoplasm modifving and ing anti 
bodies were related’ to the protem, but not carbo 
hwdrate fractions, obtamed from sort illy fragmented 
Linde and Jacobs corm that the 
loemagylutination test antigen was a 
pr tein contamed im the erude ivsate ot wa howd 
parasites; but no attempts were made to isolate and 
whentify the sol ible an a re tively 
state 

During the course ot our comprehensive investi 


of this protozoan 


on the hemistry 
we happened to isolate and 
fraction with special reference 
rties, which are deseribe dl im the 


vations 
study a ports 
to its it 


saccharide 
munobiological prope 


present communication. The RH strain of T. gond: 
wed was obtaimed from Dr. Loon Jacobs, National 
Institutes ot Health, Bet he sla, Marvland, and 

maintained by serial passage using 


been 


peritoneal exudate Pure suspensions were prepare d 


infected laboratory 


» Swiss albino mice, using the method 


from artificially sero 
logically negative 
of Fulton and Spooner’, 
yielded 2 Ww 
200m mil. ary 
the acdditron 
C.) distilled After centrifugation 
of isotonicity by addition of an equal 
7 per cent & whim chioride solution, the 
fraction Was separated bv fractional! 
cold isopropanol, and deproterm 
with chloroform and n-butanol 


on an average, each 


and, 
Suspensions 
were lysed 
of cold 


and 


TOXNO 
toxopla 
times ther 


weight 
ot 


water 


gm 
by weight 


restoration 
volume of 1 
carbohydrate 
precipitation ith 
ization was carried out 
The actual yield of polysaccharide ranged from 2-8 to 
with a mean value of 3-6 

( hermical analysis showed unusual features, 
the nitrogen content varying from 0-8 to 1-2 per cent. 
and phosphorus from 0-2 to 0-4 per ce nt No lipid 
could be deter ted on degradation with culute acetic 
The « arbohvadrate fraction was readily soluble 


1-2 per cont, 


acid 

and physical homogeneity was demonstrated by 
electrophoretic and ultracentrifugation techniques, 
and the absence of protem was confirmed by low 


content, lack of ultra-violet absorption im 
280-290 mu and failure of products to 
No nueleie acid 


of their ultra 


nitrogen 
the region ot 
give the usual protein reactions. 
could be detected by exammation 
violet absorption spectra 

Agar -diffusion* experiments demonstrated immuno 
reneity when pure polysaccharide anti 


logical homog 
sera reacted with homologous fractions and proli 
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omy one line 


suspensions TO oft 
When fractions obtained trom 
in the 


ferative cell 


prec ipitation 


ten other straims of were exan 
vel-diffiasion test, the lines that developed rulicated 
dentical specificity since thev were, in every Case 
contiguous when reacting from adjacent reservoirs 
No reaction was evident when antiserum against 
hh vitia jelliso (kindly furnished by Dr. J K 
Frenkel, University of Kansas Medical Centre) was 
tested agaimst these preparat ons, or vie versa 
Chronutographiuc analysis vealed the presence 
f olucose, ghicosamine and a rare pentose which 


ur clisposal 
by the 
on tests on Oue h 
No 


that the diffuse 


could not be identified with reagents at o 
The of these sugars Was 
corresponding precipita 

terlony double-cdiff 
were found and there 1s 


presence ecomirmed 
imlubit 
plates aldoleptoses 


streaks on the stained chromatograms may refer to 
some of the newly discovered dideoxy sugars ; 
his point is under examination m= Prot. Dr. QO. 


We stphal s laboratory at the Dre. A. Wander Forse h- 
ungsinstitut, Freiburg Jalringen, West Germany 


Tests for uronic acid and reactive acety! gave negative 

results. 
he polysaccharide was a poor antigen when 
isolated. but high-titred antisera co id be produced 
in rabbits by combining the preparat rons with the 
lipoprotein of Shigella dysenteriae, or by myeccting the 
aftor coating on ervthrocytes or on 


poly saccharide 
killed group A huemolytic 
The polysaccharide semsit ized 


st reptococe l 


sheep erythrocytes 


to and lIvsis (120 ugm mil and the 
specificity of the reaction was den onstrated im the 
corresponding inhibition tests The fraction pos 

skin-sensitizing or toxic activity, 


sessed no ps rogenic, 


and after 
the prope rtiecs Was dk ton tecl 


with heat or alkali no alteration 


All the prepara 
complement. did not interfere with the evto- 
‘outs d on ceollodion 


treatment 
in 
tions tixed 
plasm modify reaction, became ¢ 
(rendering them specifically agglutinable), 
in vitro, had anti- 

activity and 
vy reagent in the 
reaction 


particles 
inactivated the prope rdin svstem 


phagocytic and virulence-enhancing 


ted both as a preparing and shockin 


ac 
generalized Schwartzmann 


iitation ot 
in rabbits 
Studies on its topographic distribution on 
cells of 7. qond indicated that it is at least a part ial 
surface antigen. Resting of T 
failed to oxidize the polysaccharide, which 
te the dye-test or ¢ omplement -fixing 
In all e the 
manv as eleven 


timulated 


Intact 


coll 


gondii 
could not 
ot whole coll 
polysaccharides, derived 
strains that were exarnined so tar, 
specific immunity to an extent approaching that 
induced by Escheri hia coli, 2380, when tested by the 
method of Rowley’ 


The polysaccharide specimens could 
to artificial infection with 7. 


aetivity antisera 


as 


from 


her actively 


immunize mice gondit 
did their corresponding antisera possess any 


mouse protect ive power Besides, all the 
e found to lack (1) Forssrman hetero 
(2) direct hamagglutimating capa 
ritro; and 
(4) ability to interfere with hemagglutination of fowl 
' eweastle disease virus. No hetero 
could be demonstrated het ween 
many species of bacteria 


nor 
passive 
pr sparat ions wer 
phile reactivity ; 
(3) capacity to inhibit lysozyme 


an 


city 


erythrocytes bv N 
genetic relationship 
these soluble antigens and 
that were included in this work. 

No serological cross reactivity was found between 


polysaccharide antisera and carbohydrates of known 


Patholo 1 Lal to 
? 
f ap 
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monosaccharite COMpPOstt ion linkaye, such as 
avirithet poly glucoses with 1 4. 1-6 and 1-4-6 
linkage riveogens with branching points, 


gum arabic and rhammose-containing polysaccharides 


euch as Karaya gum 

\ con parative mvestivation progress to 
delineate the role ot this antigenic traction im 
infection and immunity \ detailed account of these 
results will be published elsewhere. 

We are indebted to Dr. T. Ramakrishnan, Indian 
Institute of Science, Bangalore, who earried out the 
physical examination of the polysace haride traction 

P. G. PANDE 
SHUKLA 


SEKARIAH 


Toxoplasma Laboratory, 
Division of Pathology and Bacteriology, 
Research 
Kumaon, | 


Institute, 


Vetermary 


Mukteswar 


Indian 
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BIOLOGY 


Electron Microscopy of Mossy Fibre Endings 
in Ammon’s Horn 


THe endimes of the axons of the granule cells of the 


dentate fascia in relation to Lorente de N6’s areas 
CAS and CA4' of Ammon’s horn have certain special 
morphological characteristics as seen in Golgi pre 
parations These have been deseribed by Cajal*, who 
termed them mossy fibres, analogous to those of 
the cerebellum He found that these axons have a 


tortuous course and that they show characteristic vari 
cosities Consisting of triangular or star-shaped masses 
which both short 


of protoplasm, from the angles of 


and arine The main course of this 
dentate-ammonic tract runs across the bases of the 
apical dendrites of CA4 and (43 neurons at right 
angles to them. The protoplasmic masses Cone mto 
intimate contact with the apical dendrite or 


occasionally with the neuronal perikaryon, and were 
considered by Cajal to be sites of synaptie contact 
Lorente de N6' was also of this opmion, but could not 
decide whether the part the 
pyramidal neuron or of the axon terminating on it. 
According to Cajal*® these ‘mossy endings’ could not be 
stained by reduced silver techniques 


structures were of 


Kleetron microscopy shows that these structures 
are large presynaptic bags into which dendritic 
spines, sometimes branched, are mvaginated. 


Appropriate regions of the hippocampus of the 
rabbit were fixed with buffered tetroxide, 
stained with alcoholic phosphotungstic acid and 
embedded in araldite for sectioning®. 

Sections through the apical dendrites near their 
the of structures having the 
ct presynaptic Process¢ but which 
have diameters of 3-4u (Fig. 1, pre). These large bags 
are full of synaptic vesicles, and the enclosing mem 
brane may be to with the 
apical dendritic membrane for distances of up to 4u. 
The opposed thickened at meter 
vals (4), such the appearance 


bases show presence 


characteristics 


Seon be im 4 lose contact 


are 
having 


membranes 


thickenings 
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3 = 
Pax 
Fig. 1 Diagra tic bag show as 
ntact w ind w the dendrite The 
tippled reg py t neuronal 1 gl processes of th 
ropil 
of synaptic contacts as deseribed by previous 


authors®, 

In add Tion, the profiles of several dendritic Spines 
(8p) may 
planes ot 


be seen withm the bag, and in tavourable 
continuity of these with the maim 
dendrite ean be observed. Such dendritic spines may 
be branched The of the maim dendrite 
(den. t.) do not appear to enter these spines. IRdentifi 
cation of these small dendritic profiles (diameter is 
0-5-lu) depends on’ the presence im many 
cases of a spino apparatus (c) similar to that which 


section 


tubules 


usually 


has been described in neurons of the visual cortex of 
the Also, the the spine 
numerous synaptic contacts (7), m which the thicken 
ing of the membrane wider and 
denser than that of the presynaptic membrane, with, 
in addition, of the 
space | ~300 A.) in the region of the Svnaptic area 
These n to those of the 
synaptic contacts between the presynaptic bag and 
where the thickenings of the 


rat?, membranes of show 


in 


post BV napt ic 


widening iIntermembranous 


appearances are contrast 
the mam dendrite (/ 
two membranes are equal and there is no increase in 
width of the space (~200 A.) between the pre- and 
post-synaptic These of 
gynaptic contact thus correspond to the types 1 and 


membranes, two varieties 
2 deseribed by Gray® in the visual cortex of the rat. 

It ot that in this a 
presynaptic bag may be observed to form two ty pes of 


interest situation single 


Is 
synaptic contact, suggesting that the differences may 
be due to variations in the properties of the post 
Processes rather than im the nature of the 
Observations of Golgi preparations? 


synaptic 
axonal ending. 
with the light microscope show that these synapti 
of the 
It has not been possible 


atructures are in many Cases mot te rminal, but 


‘bouton de passage’ type 
so far to verify this point ink electron nucrographs, 
owing to the difficulty of obtamimg a suitable plane of 
section. As well us the synaptic vesicles, the pre 
synaptic bags may be seen to contain from three to 
but in no case have neurofilaments 


may 


six mitochondria, 
been observed. The absence of 
explain the fact that these endings do not stain with 
reduced silver techniques, as the argentophilia which 
the axonal cortain 


depend 


neurofilaments 


found terminals of regions 


appears 


Is 


to on neuro-filaments bemyg 
present 
A full report of this work will be published at a later 


date. 
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[ am indebted to Dr. E. G. Gray and Prof. J. Z 
Young for their interest and advice. 


L. H. Hamtiyn 
Department of Anatomy, 
University College, 
London. 
Lorente de N6, R J. Paychol. u. Neurol., 4B, 113 (1934) 
Ramon v Cajal, 8., Histologie du systéme nerveux de Vhomme et de 
vertébréa (Maloine, Paris, 1911 
‘Gray, E. G fnat.. 93, 420 (1959) 
*Boyeott, B. B., Gray, E. G., and Guillery, R. W J. Physiol., 152 
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Juvenile Stages of Fasciola hepatica in 
the Liver of the Mouse 


Most biologists agree that in the lator stages of 
its life-cycle Fasciola hepatica wanders through the 
towards the bile ducts, where maturity is 
When evsts contammg metacercarie are 

herbage to which they 
are activated in the intestines 
then able to emerge from the 


liver 
attained 
ingested along with 
attached, the larvie 
of the host and are 
each of which develops a minute perforation 


are 


cysts, 
The young flukes then penetrate the wall of the 
intestines, creep about over the abdominal viscera 


and eventually enter the liver. Much research and 
some controversy were Thocossary before this migration 
became established beyond any doubt. Schumacher! 
has reviewed the literature bearing on this problem, 
and himself carried out experiments of a classical 
nature, which produced much valuable information 
concerning the time relations of the various stages 
of the migration in guinea pigs. He also gave an 
account? of the histological appearance of 
flukes in the liver of the host 64 hr 
fed, but this is a very incomplete study anc practically 
no other information of the same kind is available in 
I have studied the early 


young 
afier Cysts were 


the literature of fascioliasis 
stages of migration through the liver 
of the definitive the 
having been chosen to minimize the 


rather laborious task of serializing 


host. THOSE 


sections of infected liver. 

The voung flukes assemble in the 
the 
CVsts 


abdominal cavity of mouse 
about 24 hr. after are ad 
ministered per os, and during the 
next of them enter the 
liver. At this stage, they are about 
0-3 mm. growth is so 
rapid that the length is about 0-5 
in 6 davsa, 0-6 mm. in 7 days. 
in days and 1-2-1-6 mm 
in 11 days. During little more than 
1 week spent in the there 
fore, the young fluke quadruples 
its length, at the expense ot hep 
atic The burrow of the 
entering fluke is only a_ little 
broader than its body, but it is qu il 
to about six hepatic cells in breadth, 
the body of the 


2 dave some 
long, but 


mim 


liver, 


tissue 
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truly enormous. Two photomicrographs of this 
damage and also the mode of progression of the young 
flukes are reproduced here (Fig. 1). Four days after 
the feeding of cysts, the young fluke may be seen 
advancing into a mass of hepatic cells (Fig. 1,4) 
nuclei of hepatic and reticulo-endothelial 
form a wedge-shaped 
Damaged 


Py knot ic 
cella, and cytoplasm, 
mass which is entering the oral sucker 
hepatic tissue is seen in the wall of the burrow and 
a mass of debris, largely nuclear but also contaiming 
leucocytes and erythrocytes, occurs in the wake of the 
fluke The fluke 
advances into normal tissue, effectively devourmg it, 
and which is: not forms a 
concentrate, largely of 
smoothed down by the movements of the fluke and 
eventually left behind in the most recently vacated 
part of the burrow. The burrowing fluke moves along 
a slightly zig-zag path, the direction of advance 
changing slightly trom time to time, and the older 
burrow thus assumes the appearance of a mumber of 
ovoid chambers with narrower Change 
of direction is indicated by slight COMpPTression of the 
hepatic tissue on the right of the fluke seen in sagittal 
section in Fig. 1, B; this fluke, which is at the 8-day 
stage, illustrates the way in which the rim of the oral 
sucker, beak-like in bites mto 
hepatic cells, and the anterior end. of the fluke is 
flexed ventrally in a characteristic feeding posture 

The importance of studying the feeding activities 
of such young flukes will be obvious to helmintholo 
who are well aware that such flukes are able to 


This appearance is characteristic. 


broken Tissue ingested 


miu lear origin, which 


COTULENLOTLS 
rnasses of 


section, 


Piste, 


resist the action of any drugs which have so far proved 
suceessful for the destruction of adult flukes residing 
in the bile duets. A fuller account of the early stages 
of migration through the 
and in this an attempt has beon made to demonstrate 
the preference which young flukes seem to have for a 


liver is now published’, 


so that by the time 
fluke is just accommodated several 
hundred hepat tl cells have been 
damaged and excavated As the 
fluke grows, the burrow becomes 02mm 0-3 mm 
progressively larger, and as the 

: : hl Fig. 1. Sagittal sections passing through two young flukes in the liver. In A, 4 day stage 
liver may be riddied with burrows, note damaged tissue in the wall of the burrow, hepatic cells with pyknotic nuclei about 
in even moderate infections, the to be ingested, and debris accumulating in the rear of the fluke In B, &-day stage 

note a characteristic feeding posture, oral sucker approaching hepatic cells, and change 


toll of hepatic tissue must become of direction of burrowing indicated by compression of hepatic tissue 
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Tvs A SMALL WORLD 


AND MARCHON SURFACTANTS PLAY A BIG PART IN IT 


MARCHON 


PRODUCTS 


LIMITED, 


At Marchon’s 250-acre Whitehaven factory 
1,800 men and women are fully engaged in 
manufacturing detergent chemicals. Many 
others are employed by Marchon’s selling 
network in the fifty countries to which 
these chemicals are exported. In the two 
decades since it all began, Marchon has 
become an international industry, and 
wherever its many employees may be they 
play a vitally important part in developing 


British chemicals for the world’s detergents 


Cillarchon ) 


WHITEHAVEN, ENGLAND. MEMBER OF THE ALBRIGHT 


& 


WILSON 


GROUP 


COMPANIES, 
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Biochemical Indications as a means of 
distinguishing between Iron and Manganese 
Deficiency Symptoms in Citrus Plants 


nd manganese deficiencies ar widesprea 


growing areas throug 


Sir 


Moreover. cue 


associa od 


rather wide range of 


with manganese immsufher nev, 


are contradictory ce scriptions of these 


sin the literature 


. Since it is assumed that the 


visible symptoms are, in some way, an expression 
of the ad sturbed metabolic Processes mM plant colls, it 
ded gate these metabolic pathway 

in order to throw some light on for this 
Different 


used as 


was to mve 
the reason 


metaboli 


reliable 


visual similarity patterns 


differentiating bet ween iron and manganese deticieney 


however, may be tors im 


SV? 


Ooms 


np 
‘yu 


Ss communication dea! with only a part ot the 
differs nt metabole patterns that were observed 
For the 


ot $-month-old 


purpose of t} sexperiment, seve ral varieties 


“Oona lomon 
ign femon, 


eitris 


lime and sour orange (generally used as root 
and Shameouti Dunean 


and Eureka lemon (used as scions) 


sweet 
frit, 
transferred 
to aerated water culture and were grown in a green 
house 
were aceording to 
The 
amounts of and 
fortnight Characteristic 
developed after 3-6 months 
taken from the plants exhibiting different stages of 
the developing visual symptoms, especially when 
iron and manganese deficiencies could be confused. 


stocks) orange, 


were 


Purifieation and COTM positron of the mutrients 
Hewitt! 
contamed dlecreasing 


were changed 


solutions gradually 


iron manganese andl 


every cletic svInptoms 


Leaf samples were 
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Five ¢ of fresh leaf mater vel riaecerated 
In SU per cent ethanol, the ethanol was « vaporated 
passed through 
resin columns which 


and the solution 
Zeokarb 225 Deacidite G 
aimed annul 
after contaimed sugars which 
detected by chromato 


Was 
and 


POS por tively 


The solution, passage, 


were means ot paper 
yraphiy 

Fig 
d ia TO deers i 


solhut 


shows the devradation of sugars, 


ing amounts OF iron m mutrient 


and the 


in the case of manganese-det 


irance Of sore fr pento 
rapidly detected by 
was decided 


which ean be 


iment le 


Sines pentoses Cure he niore 
methods other than chrom tography 


to do so by means of an orcinol test, 
tric determina torn 

fresh leaf material 
and besides 
and the chloro 
Chioro 


degree of 


used as a simple coloriume 


For this 
was 


purpose Od 


ot 


macerated im water and acetone, 


the pontoses, the peroxidase activity 
phyll content of the sample were estimated’, 
indicating 
chlorosis, and peroxidase activity has been found to 

ary, according to different micronutrient deficiencies. 


phvll serves as a means of 


omato plants’. 

vr centrifugation the supernatant was purified 
Zeokarb 225’, 
plant Was used tor the oremol reaction’. 

Table 1 shows that, in addition to free pentose 
enhanced by 
peroxidase activity and chlorophyll a : 4 


by active carbon and and the colourless 


ace unulation, which Is 
cleficiens 
ratio may some substantial contribution to the 


problem of rapid and correct evaluation of this type 


of deficieney 
should be appraised in the light ot other diagnostic 


symptom. This ‘biochemical approach 
methods, namely, visual symptoms, mineral analysis 
of the leaves and different methods of 
supply of minerals to deficient leaves 


diagnost 


Chemical analyses of leaves for iron and manganese 
are not only troublesome im comparison with these 
tests, but also do not always give a conclusive answer : 
for example, it has been found? that when manganese 
is deticient, In many Cases, less iron also appears to 
accumulate in the leaves. Diagnostic sprays consume 


considerable time and, sometimes due to impurities 
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DEFICIENCIES ON 
TIVITY OF 


MANGANESE AND IRON 
CONTENT AND PEROXIDASE A‘ 
Citrus LEAVES* 


Table 1 EFFECT OF 
CHLOROPHYLL PENTOSE 


Chi 
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Kureka 
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fruit 


sShamouti 
orange 


ied in these sprays anc 
This 


may serve as an 


in the chemical compounds 
injections, the are 
‘bioeh« mical appro h’, therefore, 


results open to doubt 


additional means of diagnosis in cases of uncertainty 
This work was carried out at the Hebrew Univer 


sity under the supervision of Prof. H. R. Oppenheimer 
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Oxidation of Reduced Pyridine Nucleo- 
tides and of Sulphite by Pea Root 
Mitochondria 


Iv hae been shown! that freshly isolated pea root 
mitochondria oxidize «-oxoglutarate poorly or not at 
all if the oxygen uptake is moasured by a polaro- 
graphic method (in which the mitochondria are not 
shaken), and the oxygen uptake is not stimulated by 
diphosphopyridine nucleotide (oxidized form, DPN) 
However, if the mitochondria are first shaken for 30 
min. in a water bath at 25°, they do oxidize «-oxo 
glutarate and DPN the rate of oxygen 
uptake (Table 1). 

The ability of these mitochondrial preparations to 
oxidize the reduced pyridine nucleotides has been 
examined by the same procedures. At a low concen 
tration (0-1 mW) reduced diphosphopyridine nucleo 
tide (DPNH) was not oxidized by unshaken, but was 
by shaken, mitochondria (Table exp. 1). This 
sugests that shaking makes the mitochondrial mem 
With reduced 


INCTOASOS 


brane more permeable to DPNH 
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Additions 


mM) 
vlutarate 


mM 
Vv 


10 mM) 


TPNH 
uptake 8 the 
inmshaken and shaken mitochondria 
thus indicating, perhaps, that the mer 
already 
In t} 


are similar to rat liver 


. however, the 
both 


Table 2, exp. 2), 
} 


phosphopyridine nucleotide 


were about tor 


brane oft 


unshaken mitochondrion is te 


TPNH (but not to DPNH 


mitochondria 


porm 
s respect pea root 


mitochondria 


DUNE 
Von 

TPNH 


Non 
TPNH 


> mM) 
mV 


At- much higher concentrations (5 mV), both 
DPNH and TPNH were oxidized by unshaken mito 
chondria (Table 2, exp. 3). They were also oxidized 
bv shaken mitochondria, but at a much slower rate 
At a concentration of L-0m VW, DPN enhanced the low 
oxidation of a-oxoglutarate by unshaken 
chondria! whereas there was no enhancement at a 
coneentration of 0-1 mM (Table 1). It thus seems that 
at external concentrations of 1-0 mM and more, the 
nucleotides can enter the mitochondria 


mito 


(0-3 mM) 


DPN mM) +Na,so 


Sulphite is oxidized by mitochondrial preparations 


seedlings’. It is also 


from internodes® and oat 
oxidized by pea root mitochondria, but only if these 
were first shaken (Table 3). Adenosine diphosphate 
(ADP) increased the uptake of oxygen in the presence 
of sulphite only with shaken mitochondria and DPN 


pea 
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had no effect on this uptake. This supports the 
finding®* that ADP, but not DPN, is required by the 
sulphite-oxidizing system. 
G. STICKLAND 
Department of Cell Biology, 
John Innes Institute, 
Bayfordbury, 
Hertford, Herts. 
' Stickland, R. G., Bioe? 
* Birt, L. M. and Barth 
Arrigoni, 
* Tager, J. M.. and Rautar 


Growth of Fomes annosus under Reduced 
Oxygen Pressure and the Effect of 
Carbon Dioxide 
regarded as 
under matural con 
known | which «a 


be cted to ofter only poor Supp lios ot 


ALTHOUG 


H most fungi are strictly 
aerobu 


ler 


ditions ire to colonize im localitr 


free oxygen. This is the cause with fungi attacking 
the mtoerior of ro« i stems of living trees. Owing 
living tissues of these organs, free 
vols vood 


intereollular 


to respiration im tie 
oxygen dissolved in the water of ves 
and heartwood or present as free gas in 
spaces and non-functioning vessels is soon Consumed 
Concomitantly carbon dioxide is liberated. Diffusion 
of gases within a tree trunk probably occurs by the 
by horizontal diffusion 
Interior 


distance, namely, 
outside through the cortex into the 


shortest 

from the 
of the stem and vice 
when respiration-rate is high the very active cambium 
enclosing the central offers a 
barrier to the diffusion of vases in either direction'. 


versa. However, in warm seasons 


wood of a stem 
Consequently as oxygen is consumed by living cells 
(medullary ray cells, parenchyma cells) in the sapwood 
the oxygen pressure will drop rapidly in the mterior 
and be kept at a low level until diffusion is again macs 
possible by a decrease in temperature. 

Seasonal variation in oxygen and earbon cioxide 
pressures in stems of several hardwood and softwood 
trees has been investigated by Chase*, who found that 
in swnmer the oxygen content in the wood of [’inus 
strobus would drop to approximately 1 per 
corresponding to a pressure of 8 mm. mereury. At 
increased 


cent, 


the same time the carbon dioxide content 
to approximately 10 per cent 

The parasitic basidiomycete Fomes annosus (Fr.) 
Cke. is known to attack roots and heartwood of many 
conifers and even deciduo is Trees, thus le exposed 
periodically to conditions of low oxygen pressure and 
high carbon dioxide pressure It was, therefore, of 
interest to investigate the growth response of this 
fungus to such conditions. 

Round 6-nun. pieces from the periphery of a young 
colony of F. annosus on malt agar were inoculated 
on to the surface of freshly boiled and poured malt agar 
in Petri dishes and incubated at room temperature im 
Brewer jars containing air, hydrogen, nitrogen and or 
carbon dioxide. In the hydrogen jars all free oxygen 
and oxygen dissolved in the agar was removed by 
catalytic reaction with the hydrogen, the jars thus 
representing a environment. No 
growth occurred in these jars (Table 1). In the nitro 
gen jars the oxygen was removed by three subsequent 
evacuations to 40 mm. mercury and slow refillings 
with nitrogen which had passed through a wash bottle 
pyrogallo] Theoretically the 
only 0-02 oxygen 


strict anaerobic 


containing alcalic 


nitrogen jars contained mm. 
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AGAR IN AIR, NITRO- 
PRESSURE 760 MM. 
TEMPERATURE 


nes annosus ON MALT 
DIOXIDE POTAL 
DAYS AT Room 


GROWTH OF F 
AND CARBON 
INCUBATION 6 


lable 1 
HYDROGEN 
MERCURY 
Gas pressure (mm, mercury) 
Qs Ne Hy CO, 


Linear 
growth 
(mim 


44 irbor de added to air 
0 

0 


although the actual content might have been some 
what higher because of sluggishness im 
Nevertheless, these bottles repre 


which 


oxygen diffu 
fro nm the agar 


sented a micro-aerophilic environment in 


fF. annosus proved to grow unaffected. 

For growth in pure carbon dioxide the jars were 
tilled in the same way as with nitrogen except that the 
washing in pyrogallol was onutted These jars also 
With 760 min. 


th occurred whereas 23 mim. of 


represented a micro-a rophilie mulieu 
earbon dioxide no grow 
bination with air or nitrogen accelerated 
growth about 50 per cent As could be « Kpects d. no 


offect was obtained under strictly anaerobic conditions 


the gas in con 


in hydrogen 

That neither hydrogen nor carbon dioxide in high 
entration per was toxic to 
incubation at 


GANnNOSUS Was 


subsequent aerobic which 
normal growth was resumed 
Nine different strains of fF’. annos solated from 


fruiting bodies on infeeted Pinus sylvestris and Picea 


show Th by 


have responded qualitatively equal to those 
conditions It could he concluded that FF. 


is a fungus able to grow equally well under aerobic 


abies 
as under muicroaerophilic conditions, but not anaero 
a slight “elevation of the earbon 
choxide pressure has a stimulatory offect, but a high 
this inhibitory effect on 


These observations seem to agree 


bically, and that 


concentration of 
mycelial growth 
well with what was to be expected from a fungus 


gas an 


parasitizing the interior of roots and trunks 
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Filtration of Phytoplankton by the 
Octocoral Alcyonium digitatum L. 


Most of the work carried on the food and 
feeding of eolenterates deals the true reef- 
building corals, Actiniae and Scyphomedusae, which 
in their tissues. The group 
received attention. 
controversy 


out 
with 


harbour zooxanthellae 
Aleyonaria, however, 
There 
concerns the significance of these symbiotic algae 
their host-coelenterates. Some authors report 
that the derive no benefit from 
their zooxanthellae':?, others believe that 
zooxanthellae form a considerable part of their food, 
the other part being of animal origin® Still others 
colenterates, namely the xenid 
way or other rely on their 


less 


has 
seems to be considerable 
for 
ccelenterates 
while 


maintain that some 
octocorals, may in 
algae as their only source of food*®:’. 

Little work has so far been done to study the food 
and feeding of aleyonarians which do not harbour 
zooxanthellae in their tissues, for example, Aleyonium 
digitatum L.*:5, which has been described as carniv- 


some 
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ler at time-mterva tarting with half an hou 
\ recontr he drop pn the rachoactivity of the algae 
Vike oasurect un tie ame wav m ick ntical concentra 
ons of Sceletonema. The considerable decrease (27 
per cont) of activity in the control with the higher 
concentration of a u“ probab] due to the den 
concent rat ron f alyae a vell o the bacteria 
wetivity ‘ Neelet ma strames ml were no 
ee Table 
Table 1 RADIOACTIVITY MIN 


IN SUB-SAMPLI FIOML. S 


wa 


In the higher concentration of algae, one colony of 


filteredl about the NScel 


fatun per cent of 


fonema present m 23 hr. while in the lower concentra 
wer 

After the experiments, thoroughly washed 
of the Aleyo ” 


the 


ion, anot read upto 9S per cent of the algae in 


colonies were homogenized 
different 
‘ ctods rma! 


piece 
and the 


activities of parts measured 


follows 


were ibs 
mesogleal and endodermal tissue. 22-7: and 
gastric juice, 46-5. In some other experiments still 


higher activiti have been measured im the Tissue 


homoge nates of Jitatum?® In all the feeding 
experunents we have carried out using strains of 
Neeletonema statum, Ditylum ap. or natural phyto 


plankton populations labelled with either carbon-14 
or phosphorus-32, A. digitatum has proved to be able 
to filter such algal organisms 

The ability of A. di 
digest phytoplankton alyae 
data, cle monstrating t hie transportation of the labelled 


pitatum to filter and obviously 


is evident from the above 


nutriment to different tissues of the colonial animal. 
This may help to explain why this 
species can survive for relatively long periods of time 


pl ernomenon 
in waters deficient in zooplankton, and moreover 
the idea that at least 
may also feed on plant material 

The movements im Aleyonaria well 
suited to phytoplankton out of the 
In A. digitatum the ciliary eurrent 


supports some coelenterates 


eihary seem 
filter algae 
surrounding water 
maintained in and out of the polyps seems not only 
to convey oxygen, as already stated'®, but will also 
potential source of plant 


constantly new 


bring a 
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within their each 
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It is not believed, however, that expansion 
colony to its normal activity size is 
noed of os en, provided that this 


COLONY 


mduced by 
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almo eortain that the expansion o hue 
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Inhibition by Cortisone of the Synthesis and 
Action of Interferon 


Tue administration of cortisone and certain other 
C-21 and 19-nor-steroids 
influenza virus m chick embryos by inhibition of viral 
Paradoxically, the rate of viral 


the same time Interferon, 


final vields of 


imntorference!, 
synthesis is reduced? at 
a substance produced by cells moculated with inter 
has been proposed as the mediator of 


vay 
Therefore, it was important to determ 


fermg virus, 
iInterterence®, 
ine whether cortisone and other steroids capable of 
night influence 


effect. 


inhibiting the induetion of interference 
either the production of interferon or it 

We tind that interferon is produced most easily 
by a method suggested by Wagner! : involves 


the mtra-allani oie } nbrvyos 


this 


inoculation of chiek « with 


small amounts of infective virus and prolonged 
65-72 hr.) ineubation before harvesting allantoic 
fluid. After dialvsis of allantoic fluid at pH 2-0, 
which destroys the virus but leaves interfering 
(interferon) activity, this activity is measured as the 


reduction in viral synthesis in ¢/tro in chorioallantoie 
membrane cultures. It has found that 
of older (12-13 day) chick embryos are more 
and the have 


been met 


susceptible to the interferon effect 
been used in the present experiments, 


In Table 1 we present the summary of an experi 


mont im which cortisone (diethylaminoacetate hydro- 
chloride of hydrocortisone) in two dosages clearly 
In this 


prevented the 7n ove synthesis of interferon 


¥ 
orous. Its food is reported to consist solely of other food iii lt might. of course. be ij 
mall anunals, rmaimly zooplankton organisms, whi expected a current would play no part in 
para ‘ bey m of me utoceyvsts pre linge 1.d Jitatum with its anpnal-food, simee the 
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I y dependent on animal food o1 ay also feed on Cowl vhich move too fast to be caught by ciliary ae 
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old chick embryos 
of tii 

or a saline conirol 2 hr. atter 1 
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t 


} 


\ mm eortisome, or 


Searle 19-nortestosterone), a steroid with 


weight) of cortisone im 
inactivated virus (Kil 
sults After 70 hr. of 
ul pools were collected from 
each i (| agaist 0 VJ 
chloride pH 2-0 for 24 hr. at 4 ¢ 
These preparations then restored to 
against phosphate buffered 
(two (Table 1, 
part B ot Table 1. the n 
2 dilutions of the pools thus treated 
by inoculation of 12-day-old 
ETDs, of 


ibation 


11.000 vity (by 


negating interference with 
bourne, E. D.. 


allanton 


iblished re 


gives iffer a 


were 


rieron 


with LO 
influenzé vir 20 hr. after them ime 
with ‘mterteron 
Measure of vields of 1 magi inin 42 hr 
demon reduced 


im 


© 


later 


pools « rlone 
ment 
ratect 

only land 2. which hia received 


shied 


pres mt the 


action 
cortisone oriznally It ha since 


then that cortisone does not merely 
‘on from the chorioallantoie mem 
fluid. but 
The design of the 


possibility that corti 


inhibits its 


fore 


r 
brane in also 


formation membrane 
going experiment pret ludles the 
acted jn o after immterteron was synthesized. 


clialysi 


remmamimns 


ciialy sable) 


the 


separates effectively the 
fluid 


because 


steroid in the allantou from 
non-dialvsable interteron. 
has been shown in other experiments 


steroids admunistere 


However, 
that and other 
tro will prevent the effect of pre formed interferon 
before the 
washing 
interferon 


cortisone 


inoeulation of 
the 
the 


if they are given 2 hi 


interteron, before 


and 


then removed by 
with 


challenge 


incubation of membranes 


inoculation of virus 


interest that suppression of interferon action Is 


subseqt ene 


onlv biological action marufest ly common to 
disparate steroids capable of mbubiting interterence. 
Previous papers from this laboratory have sug 
gested that inhibition of both viral synthesis and 
interference by cortisone might single bio- 
chemical basis!. and that the basis was most probably 
related to the inhibiting effect of cortisone on protem 
svnthesis?. It is, therefore, of great interest to find 


that cortisone inhibits the synthesis of a protein 


have a 
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(interferon) which can interfere with virus replication. 


abortive product of viral multi 


ovidence 18 provided that the 


If mterteron aq 
then further 
ON 


protein rather than mu leie acid 


plication’, 


effects of cori viral multiplication are on 
evnthesis. 

It seems possible that endogenor adrenal corti 
may influence the dynamics and outeome of 
infection in vivo, depending on the balance of their 


svnthesis and on the synthesis and 


coids 
effects on viral 
action of interteron 
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Apparent Release of Tobacco Mosaic 
Virus in Living Infected Cells 

Using a Zeiss GFLGOS 

‘Neofluar’ ol “tive we are 

prod iced by 


phase with 


attempting to r cord the 
mosait 


of changes tobaceo 


iso 


se 
Loaves at intervals 
ting th 


in living Turkish tobacco 


inoculation are prepare bv exha 


air under water a high-va 


‘tri oft 
Hand 


ander a binocular 


after 

tions are ec i water 
PICTOSCOPMS pieces of razor black mounted 


ections are praurreacte rmal, along or 


ilated 


in a hance 


besicle de of leaves 


under 
virus om the 
Cine 


ipper 


cell thickness, 


with tobacco 
or on systemically infeeted leaves 
2 
aly « 


photographed, and occasional 


obtainable, is id cells may allow 


images that he 
observations are possible OL pPleces 3 cell thick 
A number of 
apparent ls of the 
infected colls 
forms of the virus®, initiated similar s 
differing m details. 
events, when they were first seen to occur, was aided 


tissue pieces have provided nage 
ion of virus un recen 


primary 
and (75 repres 
ries of events, 


Strains 1 


several Appreciation of these 


by previous stuciies on the state of cells after mfection 
Was apparent, 

Tobacco mosaic virus aggregates in recently infected 
cells often appear as translucent monolayers in the 
parietal cy toplasm. Singh or double lavers are termed 
grey platest. The long axes of the virus particles 
seem to be vertical to the cell wall, and aggregation 
The grey plates vary in size from 1 to Su 
If the virus is of the 0/1 form, 
other, 
the 
plate 


is lateral. 
in diameter 
monolayers 
attached, and 
familiar hexagonal erystals or 
Virus of the U2-U5 
crystals, apparently because the end-to-end bonding 
hold a number of 


Later, the virus part icles of 


or more 


several may appear over each 


become by accretion 
thick 
fails to aggregate 


remiain 
virus 
form into 


of the parti les is too weak to 
monolavers together 
(2 05 eombme im 


second difference between forms is the presence of 


erude acicular aggregates A 


2 
Tal INHIBITION OF INTERFERON FORMATION BY CUORTISONI 
1) Prod n ot rf 
(irouy ~ 4 
ter viru irves ind 
Cortisone mgr virus} pH 
4 Cortisone (1+ wr virus 
6 
( \ : 
* Influenza 4 (PKS) 10° 
Phen readjust pil at ial 
Chor j brane t eultul 
Isaacs, A., and Lis n,J., Roy. Soe., B, 147, 
Smart. K. M.. and Kilbourne, E. D., (abs t) Fed. 19 (Part 1 
bi 
ig 
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r-bodies in Ul-infected cells, but not in U2-U5 
infected cells. 

A condition characteristic of most active plant 
cells, but particularly noticeable in cells in which 
the virus is about to appear, is the non random dis 
tribution of organelles in the cytoplasm. The most 
obvious example is an apparently functional asso 
ciation between nucleus and plastids, in which special 
ized structures are involved. Chioroplasts become 
tightly adherent to tho nucleus and remaim so im 
spite of rapid streaming of cytoplasm around them 
Approaching the nucleus before adhering to it, a 
chloroplast may put out a fine protrusion that attains 
a length of 5-30u. The protrusion touches the 
nucleus and shortens as the plastid comes closer 
A second protrusion from the opposite side of the 
same chioroplast occasionally appears, and becomes 
surrounded — by mitochondria, ete 
When the plastid itself becomes adherent to the 
the fir still 
extending over the surface of th the second 
More than 30 chloroplasts have 


sph rosomes, 


may be visible, 


nucleus protrusion 
nucleus ; 
may have retracted 
been seen adherent to a large nucleus 

The first 
photographed was in an epidermal cell from the 
underside of a leat days earlier with 
''5. The microscope was focused on the nucleus of 
indication of virus 
infected cells \ number otf 
plastids aclhe red to the nucleus, and plastid pro 
jections were visible on its surlace The cytoplasm 
flowed actively over the nucleus. After half an hour, 
bubbles wet wen around the n icleus, and bubbling 
Similar bubbling 


sequence of virus emission seen and 


inoculated 3 


a cell, free from infection, 


between two jousls 


any 


cont uued ae tively for 5-10 mim 
has been induced experime ntally by physico-chemical 
agents (unpublished work) and seems to indicate a 


radical change in permeability of the nur jear membrane 
and nearly Mitochondria 
and spherosomes wore present and eure ilated im the 
adjacent After the bubbling. 
were no longer closely adherent to the nuclous, and 
free to adarift 
from the nucleus 
oneentrated mainly in one direction. The 
than normal, and 
or 3-layer spot 

A slower rate 


endoplasmic reticulum 


cytoplasm plastids 


they became away in cyto 


gradually 


toplasmic flow 


plasm ic streams. C 


became ¢ 
toplasimn dlonser 


outflowing was 


monolayer grey pli 
in the began to appoar (Fig. 1). 
of flow from the other side of the nucleus allowed 
condensation of a few grey plates on the muclear 


ites with a dark 2 


centre 


stag Virus emiissiot virus ag gates 


Fig. 1. Late 
plates) formed and at a distance 
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surface. The source of virus matorial seemed to be 
inside the nucleus, possibly around the nucleolus 
In several cells when merease of visible virus ceased, 
the nucleolus was noticed to have lost its optical 
density or seemed smaller than it was before virus 
began to appear. Active flow of virus material fron 
the nucleus continued for 10-15 mun. (longer in othe 
examples), and the grey plates circulated through 
the cell, giving it the typical appearance of a recent 
infection. 

The second full sequence 
was with strain Ul ina sub-epidermal coll from a 
young systemically infes ted leaf 4 days after mocn 
lation. The preliminary bubbling around the nucleus 
was less active than in the U5 series, but in this and 
other examples of U1 infection there seemed to be a 
From around the 


and photographed 


second site of activity m the cell 
nucleus with its adherent plastids, rapid and copious 
towards a vortex in the cyto 
The basis of the vortex 


streaming occurred 
plasm, some distance away. 
was a complex of cytoplasmic vos les. Such vesicles 
been interpreted as 
within the cytoplasm In 
and mitochondria were m 
Virus appeared as grey plates or as 
mainly in the slu return 
The equivalent 


vacuolar 
vortex, 


have imu lhaisions of 


material the 
spherosomes violent 
motion Joss 
formal 
flow from the vortex to the nucleus 
of a cytoplasnuc vortex in the U5 infections seemed 


to be near or around the nucleus itself, rather than 


agyregates, ggish 


at a distance, as in U1 
U'l-infeeted cells, seen after emussion, 
the nucleus 


In several 
amorphous material was present against 
among the plastids. It drifted away w ith some of the 
plastids and circulated, apparently as the begmuung 
of an body It should be possible from further 
observation and cletermine 
whether this material contains any virus protem or 
acid, or is debris from cell structures such as 


biochemical tests to 


nucleic 
plast ids 

The whole appearance of these events 
accomplished, 


suggests 
of virus emission quickly 
virus on or at 

If the events 


a burst 
rather than a mere assembly ot 

various distances from the nucleus 
have not been wrongly interpreted, they indicate 
that the final stages of tobacco mosaic virus multi 
plication begin within the nucleus This agrees with 
Zoch’s findings’. The nucleolus seems to lose material 
during virus emission, and may be the source of virus 
nucleic acid Possibly plastids are concerned with 
the synthesis of virus protem’, and in the cytoplasmic 
vortex most of the nucleic acid and protem may be 
together. Finally, aggregation mto grey 
or other forms, often seems asso¢ iated with 
vacuolar Although such 
the steps in virus formation are 
elaimed with 


soon after the 


joined 
plates, 
vesicles or rombranes. 
suggestions about 
almost entirely speculative, it can be 
reason that whole virus is formed very 
burst of activity initiated in and around the nucleus 
of recently infected cells 
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GENETICS various parts of the world This requires very little 


effort and may prove to be as useful as the survey ot 
Frequencies of Hairy Pinnz among Indian blood groups and other biochemical characteristics im 


and Sinhalese Peoples taining confirmatory evidence about the affinits 


and differences between different populations 
SINCE ‘Totnumasi published a small pedigree, one 


tf the phenotypes ispeeted to be holandricully 
inherited in human bemgs is that called hiypertrichosis 


Iam grateful to all the subjects for their co-opera 
on, and to the following people in Ceylon for helping 


in the survey : Drs. W Pallie. Basnayake 


of the ears but more accurately hypertrichosis of the MLL. M. Salgado, T. Samaraweera, J. Wanigasooriva 
pinnae of the ears. Ihave shown this to be completely and Mr. W. A. K. Fonseka 
Y-linked in mv familys publishing a pedigres contain kK DRONAMRAJT 
ny IS] people of 7 generations®. The age of omset is 


Indian Statistical Institute 


isually in late puberty, though in a few cases th 
Calcutta, 35. 


are mot conspies " intil the men are about 25 
I have examined 495 men in India, and 414 men in 
Ceylon to cou thie of this characteristi 
These figures are given in Table 1.) Andhra Prades} 
a south-eastern State of India with a population of 


State T counted the fre 
juency of this charact: tic among mv co-travellers in 
buses and railway trains durmy journeys travelling 
a distance of about 800 miles*. In the different part Karyological Demonstration of 
Ceylon where the counts were made many subject Hybridization of Mammalian Cells in 


ated that their ancestors had been local people for vitro 


IN reeen publication, Barski, Sorreul and 
Corneter deseribed the formation of cells with a 
hybrid karyotype in mixed cultures of two mouse cell 
sirains viel The eXperine nts to be deseribed show 
that thus phenom nom is easily reproducible and that 
itis not lonited to a pair of strams of strictly defined 
karyvotyvyp 

The two cell lines used ino our experiments are 
“i Ve 2535 anc 2472 of Santora 
Likely and Earle?, ultimately derived from a singl 
ell of mouse subcutaneous adipose Tissue, as received 
from Dr. G. Barski by kind permission of Drs. Wilton 
R. Earle and Katherine K. Santord. Both strains are 
populations OSs a predonunant ly ot hypotetra 
ploid cells but containing var¢ing proportions of cells 
of higher ploidy The karyotypes of the hypotetra 
ploid cells of the two strains, as established im the 
course of our experiments, are given in Table 1 and 
Hustrated by Figs. 1.4 and ¢ 


Statistical analvsis shows that : (a) there is mo sign tal num! 


ficant heterogeneity between frequencies in different tal numb 


parts of Ceylon h) the fre quencies of in imbe of bi 
Cevion, Andhra Pract sh. and West Bengal differ imber 
significantly. Amony the Sinhalese 295 were 
Buddhists most of whose ancestors had probably hved 
n Cevion for 2.000 vears ; 97 were Christians, mostly 
Roman Catholies ; 12 Muslims and 10 Hindus. Three 


the Muslims and 3 of the Hindus had hairy pine It can be seen that the two eell types can bx 


hutes 


ere is no significant difference between the fre inmustakably identified by the presenc of (a) a 
juencies among Buddhists (37-8 per cent and high number of bi-armed chromosomes, some of which 
Christians (39-2 per cent) represent good ‘markers’, im the cells of line NOT? 

I have also examined many women in the various 2555; (b) at least one extra long chromosome and a 
localities but found none having hairy pinne, as is) somewhat shorter one (not shown in Table 1, but 
expected on the hypothesis of Y-linked inheritance visible in Fig. 1,¢ with a sub-median secondary 
The fact that the frequency ot hypertrichosis Is construction in the cells of line NOVC 2472. 
higher in Bengal and Ceylon than in an intermediate Mixed cultures were initiated on January 3, 1961. 
region 1s compatible with the statement im the by imoculating ¢ qual numbers of cells of the two line: 
Mahawamsa. am ancient Sinhalese chronicle, that into two media (a modified 199 (ref. 4) and NCTC 
Ceylon was colonized from Bengal about 2,500 years — 109 (ref. 5)) contaming 10 per cent of heat-inectivated 
ago horse serum. Dispersion of cells for transfer was 

The results pre sented here clearly show significant accomplished ¢ ither mechanically or by trypsinization. 
differences in the frequeney of the hairy pmme The cultures were incubated at 37° C. in an atmo 
between different populations. It would seem sphere of 5 per cent carbon dioxide in air. Control 
worth while making counts of the frequencies in cultures of the two strains separately were treated 


wit 
an 

Pommasi, Arch. Psichiatr, Newropat, Ant Med. Lega 

si, C., ¢ Puch. ( Tech, M 35 w7b 

a long time 
Ceylon 
Cocouut Research | and 
Coconut Seed Mult 

r of chromosome Variation 
med chromosomes, Variation 
11-16 
0 

= 

Pep 

ty 4 

> 
2, 


Ho4 


Fig. 1 i Metapha with 58 chromosomes { which 15 are 
bi-armed) in a ll of rain NCTC 2555. Note characterist« 
metacentr (arrow) present in almost all cells of the strain 
BR Representat xamy of hybrid cell with 112 or 113 
chromoso! { which 16 or 17 are bi-armed Note the presence 


f the ther markers’ (arrows) shown in A and B 
( Metaphase with 54 chromosomes (2 Di-armed) tn a cell of 
strain NCTC 247 Note the two ‘marker’ telocentrics the 
extra long one and the somewhat shorter, subme di illv constricted 
Arrows 
similarly. Karvological analyses of the mixed 


populations and of cells of each line grown separately 
were earried out at intervals on aceto-orcem squashes 
of colchicine-treated cultures. 

At the time of writing (March 28), the occurrence of 


hvbrid cells was observed in all four of the karyo- 
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logically analysed mixed poprulat one 
109 and two in mednim 190 The hybrid cells are 
total mumnber of chromosomes anc 


<peeted from 


recognized by th 
f bi-armed chromosomes ¢ 
hypotetraploid cells of the two strains, 


Fig. 1B Phe frequencies of hybrid cells mi the 
four mixed populations are at present approximate ly 
1. 1. Sand 10 per eent the highest value having been 
observed in medium 
These results contirm the observations of Barsk 
and furthermore how that the formation of 
hybrid cells ts easily reprodu ble and not restricted 
to two rigorously defined karyotypes: the latter 
clear from the fact that strain NCTC 2472 us d by 
and strain N 1 7 (derived from NCTC 2472) used b 
Barski ef al omewhat citterent karve 
Thus the long constrieted chromosome of line N¢ It 
2472 used by us has never been observed in Barsk 
line N the eells of 1! latter strain very seldorn 
contain bi-armed chromosomes, whereas those of line 
VOTC 2472 used by us all earry at least one such 


chromosorne 


t al t} of the 


It may be pointed out also two strams 


nvolved in the mixed cultures of Barski et al., at least 
one Was To isolated from a trmour induced by the 
inoculation of the origimal jn vitro line. On the other 
hand, the cells used in our + ents never under 


<perin 
anual since their 
Sanford et al 
to cell fusion is not a result of animal passage. 

These that hybridization 
itro of other types of somatic ce lls should be equally 
possible. If this hope is justified, hybridization may 
hecome a useful tool for the investigation of a number 


‘ xplantation by 
that the tendene, 


went 


It is clear, therefore, 


observations suggest 


ot problems of somatie cell genetics, of oncology and of 
virology®. Examples of proble ms which are common 
to these fields and which hybridization in vitro could 
help resolving are: the genetic mechanism of vari 
tions in resistance to drugs and other chemothera 
peutic agents observed frequently in tumour cells’ ; 
and the possible oceurrence of zygotic induction® m 
virogenie cell limes 

The practicability of th 
large extent on the establishment otf selective tech 
niques for the detection of hybrid cells. Its applic 
ability to the study of the mechanistns of cellular 
differentiation will require further the establishment 
of techniques for barriers of tissue 
speciheity. 
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PORTABLE 


CONDUCTIVITY 
BRIDGE TYPE BC 1 


This mains-operated instrument has a 
bridge frequency of 1500 cs, and covers 
the very wide range of 0-05 to! 
micro mhos in seven ranges. 

A portable fully. transistorised bridge is 
also available. It covers the range of 

0-5 to | x 10° micro mhos in six ranges. 


A. M. LOCK & CO. LTD. 


Prudential Buildings, 79 Union Street, Oldham, Lancs 
Telephone MAIn 6744 


Snstitute of | hysics 


Plan Ahead end 
man ie | # Physical Society 


vears 
las become imp red : (Amalgamated 1960) 
areholders and pays m 
commiussion — te troduction business 


unusually attractis 1. therefore, be offered 


The Eq * ita bl e Li fe Particulars of the requirements for pro- 


a fessional and other grades of membership 

Assurance Society 
(Founded 1762) 
Head Office: 19 Coleman Street, London, E.C.2 ateship of The Institute of Physics 


and details of the examination for Gradu- 


nd me without biigation jectails of the young may be obtained from 
The Secretary 
at 


7, Belgrave Square, London, $.W.1 
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q — 

{ 

Mav 13. 196] 

= 

ae 
H 

i 

: 

gives to a 

cover a ; 
H 
; 
: 

= 

Picas 

| 

pe 


NATURE 


May 13. 1961 


APPOINTMENTS VACANT 


NEW ZEALAND 
EDUCATION DEPARTMENT 


ted 
vited 


for the foil 
Zealand 


cw 


Schoo 


TL TOR OR ASSISTANT 
PHARMACOGNOSY 


ng 


SENIOR TUTOR OR TUTOR IN 
PHARMACEUTICS 

Applicants sh 1 possess a degree or 
ree fication in pharmacy and 
hav ad «teaching experience post 
ar and (or research ex 
™ iditional advantage 
n charge of all the 
and w be par- 
the teaching of 


TUTOR IN 


Applicants should possess a degre 
ceistrable qualificauion in pharmacy A 
postgraduate qualification, tcaching re- 
search experience would be an additiona 
advantage The appointee w he respon- 
sible for all the teaching in pharmacognosy 
and should also be prepared to assist with 
the teaching of pharmaccutics 

SENIOR TUTOR OR TUTOR IN 

PHARMACEUTICAL CHEMISTRY 

Applicants should possess a degree or 
registrable qualification in pharmacy and 
sh 1 preferably have had teaching experi- 
ence The ability to teach pharmacology 
would be an addit lal advantage 

Salary: (operative from April 1, 1961) 

Sen t in the range 

£1,515 w £1,70* 
Tutor the ranee 
£1,260 to £1,515 
Assistant Tutor in the range 
£910 to £1,260 

Ihe scales apply to both male and female 
staff and the commencing saiary will depend 
n qualifications and experience 

Passage Steamer fares 
cach for th Apporntce 
pr rata tor dependent child 

I dental Expenses Up to £35 f a 
single person and £100 for a married man 
on be laimed to cover the cost of taking 

Me ts to Ne Zeca amd 

Inquir quoung refer ¢ number BI! 
be addressed the High Com 
for New Zealand. 41 Strand 
I », WC2. wh will supply further 
fetails and applicat forr 


interest 


salary 


qualifications 


UNIVERSITY OF LEEDS 


conditions 


Ext. 324 


qualified men and women in congenial working conditions. 


THE PATENT OFFICE 


offers an interesting, well paid job with good prospects to suitably 


You will be dealing with inventions from the 


whole world in your chosen subject 


completely up to date and will give 
inside knowledge of new manufactures wel 
ahead of the public at large 


Ihe training salary for the 
£793 and £824 
the scale is £941-£1,719 by 
ments, but there a jump 
£1,324 five years after entry 

even three in cases of special merit 
proved postgraduate experience fetches 
higher starting salary 
of which prospects are excellent, raises vour 
maximum to £2,715 


regular incre 


is in the scale 


exclusively by promotions from entry grade. 


Age 21-35 and first- or second-class honours 
degree in physics, chemistry, engineering or 
mathematics, or an equivalent such as 
A.R.L.C., A.Inst.P., or corporate membership 
of LC.E., I.Mech.t L.E.E., or first- or 


second-class honours Diploma of Technology 


or 


Location, London, five-day week Annual 
leave 44 rising to 6 weeks. Posts are per 
manent and pensionable (non-contributory) 


Write or telephone for further information, or for a visit to the 
Patent Office to see the work, entirely without obligation 
Superintending Examiner (B Staff), The Patent Office, 25 South- 
ampton Buildings, London, W.C.2. Telephone HOLBORN 8721. 


The 


By its 
very nature the work will inevitably maintain 
your knowledge of science and technology 
vou 


first two years 1s 
On sausfactory completion 


to 
or only four or 
Ap- 
4 
One promotion only, 


Reasonable proportion 
of still higher posts up to £3,865 all filled 


MENTAL 
FUND FELLOWSHIPS 


HEALTH RESEARCH 


NOTTINGHAM NO. | HOSPIT 
MANAGEMENT COMMITTE 


Al 
E 


DEPARTMENT OF BACTERIOLOGY 
Apr ations are invited for appointment as Applications are invited for Mental Health Re- | GENERAL HOSPITAL, NOTTINGHAM 
’ Assistant ecturer in Bacteriology search Fund Fellowships from suitably qualitied | (4 Beds) 
Sala m the clinical scale for a Le er is | persons wishing to pursue full-time research work | Junior Biochemist (Basic Grade) required in the 
‘ ) by £100 £1.950 (efficiency har) + £100 | bearing on problems of menta! health, whether in | Chemical Pathology Laboratory Nottungham 
£2,350 he scale £€1.050 + tical psychiatry ne its supportine | General Hospita Applicants should hold an ap- 
4100 bw £75 £1850 (effi cy ba £1.5 sciences Both Junior and Sen Fellowships are | propriate science degree or ass ciateship of the 
non-n ally qualified, and for an Ass:stan flered in the salary ranges £700 to £1,805 and | Royal Institut f Chemis The salary sca'es 
t r » the nical scale £1,050 by £100 to | ¢1 800 to £2,500 plus superann n the ap | are as f ws ) With first- or second-class 
0 r n the sca £800 by £50 £950 pointments will be for p to three years in the honours deer A R.1¢ i730 t £925 (y) 
7 ally qualih first instance her entrants. £650 to £925: ¢ after a proba- 
Ar tions (thre pies). stating date of birth Apr ation forms. which must be returned be- | tionary lining p i tw years, £925 to 
alif ms and experi together with the re October 1. 1961, may be obtained. together | £1,150. The salary and conditions of service are 
n ne eferces. should reach the Regis with further information, from the Secretary, Re- ws authorized by the Whitley ¢ m 
n Leed from whom further | search Committ Menta! Health Research Fund Applicati stating age, qualificanons. together 
ars may t ta J ater than M 9 Ouecen Anne Strect, London, W.1 (Tel WEL- | with the name f two referees, should be sent to 
1961 te k 1272) i} the Group Secretary. General Hospital, Notting 
ham 
UNIVERSITY OF LEEDS UNIVERSILY COLLEGE OF | 
DEPARTMENT OF PHYSIOLOGY SOUTH WALES AND 
Ar ations «are invited for appointment as required for CT tment { and 
Dem trator (Assistant Lecturer) ; Physiolog MONMOL PHSHIRE Pharma “ App ? must possess the City 
at a salar » the scale £1.050 by £50 to £1.150 Applications are inv i for the post of I jand G ¢ fica n Laboratory Tech 
» vear if medically qualific th ane r or Assistant Le er in the Department of | n gv ed eq alen nd have had 
£800 to £950 a i { P from indidates (me ai fied prev I z Pharmacology, 


jualifications and experience togeth with 
aur three referees, should reach the R 
ur. the University, I (from n fur 


part urs may be 


Furtt rs may he trained from the enan eq 
Reg { ( 2 Cathays Park, Car ale £940 b é 
n Sx cop of am ations (it Ap 

tere are be sen 


t 
Pharmacy 
| 
at 
ai 
| 
| 
| 
ted apr s to be lodged with 
this office not later than May 29, 1961 } va 
| 
main 
th ment and apparatus Salary oe 
rt £1.060 per annum 
wa r to the Head of the Depart ee 
not later M gv. Manre Road. London, SW.3 


May 13. 1961 


WESTERN AUSTRALIA 
STATE PUBLIC SERVICE 
ASSISTANT ASTRONOMER 
OBSERVATORY 
(Permanent) 
£A.1.481 to 
per anr 


ware 


PERTH 


cal 


nN positior 


with part 


eT 
Western 
bond ent 
State 


vears 


Superannuat 

three months 

cave aftcr 

CONUIMUOUS Service 

tive sick leave 

and other 

tions applicat 

ent public ser 
ations, stating agc. qualificatior 
should be addressed by Junc 


general 


Public Service Commissioner 
184 St. George's Terrace 
PERTH, Western Australia 
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IMPERIAL CHEMICAL INDUSTRIES LIMITED 


Physiologists and 
Pharmacologists 


Opportunities are offered for young physiologists and pharma- 
cologists to take part in important investigations concerning drugs 
affecting the circulatory, reproductive and central nervous systems 
Candidates should be of sound academic qualification with aptitudes 
and training for research and with enthusiasm and originality of 
thought. 
Appointments will be offered in modern, well-equipped laboratories 
situated in rural Cheshire seventeen miles south of Manchester 
and will provide facilities for close collaboration with chemical, 
biochemical, pathological and microbiological colleagues. Presen- 
tation of all worthwhile discoveries at academic meetings and their 
publication in scientific periodicals is encouraged 
Inquiries, with brief details of qualifications and experience, should 
be sent to 
The Staff Manager, 
1.C.1. Limited, Pharmaceuticals Division, 
Fulshaw Hall, Wilmslow, Cheshire. 


COUNTY OF ESSEX 
EDUCATION COMMITTEE 
RUSH GREEN COLLEGE OF FURTHER 
EDUCATION 
DAGENHAM ROAD, RUSH GREEN 
Required August 1, 1961, at this new colle 

Laboratory (Workshop Tect 
by £25 (3) to £760 per annum 
allowance not cxceeding £40 per annur 
Laboratory Workshop Technicians 
rersts) Salary 
annum, depending on qualifications and expe 
ence plus London a nee not exceeding 
per anum rannuable 
For 
cants 
appropriate 
he 
three posts 
industrial technical 
Applications would be 
dates under 21, t© whom 
» £420 dep 


i 


f Education Officer 
Offices Cheimstord 


(three 
within range £490 to £4685 per 


AUSTRALIAN NATIONAI 


UNIVERSITY 
CANBERRA 
JOHN CURTIN SCHOOL OF MEDICAL 
RESEARCH 
DEPARTMENT OF MEDICAL 


ited from treamc ch 


1 from th 


f the British 


Austra 


for 


CHEMISTS 
PHYSICISTS 
TECHNICIANS 


MINNESOTA MINING AND MANUFACTURING COMPANY 


chemists (including emulsion 


pmer rk in Engiand 


h the Seve 


wit c 
SENIOR POSITIONS are 


The research 


materials and 


D. Kendall, Director, Minnesota 3M Research Limited, 
3M House, Wigmore Street, London, W.1 


Of UNIVERSITY OF BRITISH 
COLUMBIA 
BIOPHYSICIST 

METEOROLOGIS!I 


UNIVERSITY COLLEGE 
NORTH STAFFORDSHIRI 
KEELE, STAFFORDSHIRE 
ations are invited for a f 


ntshin f 


ge 
nt basic | 
— ling to qualifi | 4 
and experience | 
Du ind Qualifica- 
uons Main duties relate to re 
astronomy Applications 
Should contain tull infor 
mation of academic and 
ther qualifications and ex 
in the meridian 
istronomy field. References 
should be submitted It 
any turther details of duties 
required they may be ob- 
tained from Mr. H. 
Spiz!, Government Astro 
nomer, Observatory, Perth 
Transpo-t Reasonabic amount allowed 
| ndent family to 
red into to serve 
period of thre« 
— 
servic 
years 
cumula 
thements 
cond 
, 
App and ex 
perience 30, 1961 
| 
“ 
| 
| 
require experienced rgan physical and inorganic 
chemists), physicists and technicians f research and devel) or 
Applications, giving details of age, qualifications and experience, which w be treated 
n str confidence, should be made in writing, 
Nike County | 
(Ref F.7.&.) County Dr. J. 
tee Closing date May 22, 196! de 
> 
i 
for a Research Fe wship he Department ot A 
Medical Chemistry The successful candidate w Resea work 
ot Sh Be work with Professor Adrien Albert or Dr. D. J Geobotany in Northern Australia, tenab at the i Phy s D t t t juirics for be. 
a" — Brown on problems in the pyrimidines, pteridine University College of North Staffordshire for tw acancies at the Assis t Professor rank im (a) 5. a 
ye or other hetero-aromatic series The salary rang years from © r 1, 1961 The va f th Biophy s and (b) Met i I ach case the “aaa 
eg oN for Research Fellows is £A.1.625 to £4.2.450 per studentship w be between £600 and £800 pe position involves both teaching and research and a 
= ea annum. and appointment made for thr years, | annum depending 1 qualifications, plus iN th potential n wu reas WwW be give a 
oT ashe with possible extension to the maximum of fiv ng expenses to and from Australia and fi greater weight than ext ec. The appointee wil pat 
ee ey years Reasonable travel expenses w be paid xpenses in Australia Candidates should pr t wive an pp imity t " wn pr a 
and assistance with housing provided Superan possess qualifications n geograph and ramme of se work and resecar The min 
nuatior n the FSS patter | hotans r botany and ee g those n salar for mn Assistant Pr $ 
ae = Further particulars should he tainc#ZZc | ing onc f the first tw alone will also b n it appointment is required for the Session com = 
Secretary, Association of | rsitics OME | sidered g in Sept 
Commonwealth +6 Gordon Square I The su ssful applicant w work under the Tho Ateresicd i ad 
W.C.1 Applications clos¢ n and | Supervision Dr. M. M. to whom app 1 G. M. Shrum,. Physics Department. University 
London 1 June 30, 1961 tons sh Ib ent before May 20. 19%¢ British Columbia, Va cr 
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CHEMISTS 
AND 


BIOCHEMISTS 


Ihe © research group of the 
Colworth House, has vacancies f 
CHEMISTS and BIOCHEMISTS to 
( th House is 
labora (present staff 525) 


int 


Unileve ; \ 
PHYSIC ORGANIC 
ind funda 

ipidly expanding 

1200 
irch 


esea 


ent 


il pr olwe 


total ind 1s situated in a 
north of Bedford. The 

long-term research to supply the 
oO the expansion ot the 
feedingstul sts during the next § to 


esearch 
tiles Hasic 
raged in 


fundamental ‘ on 


act co 
i 


neeessa 


Vestinzal 
yn, characteriz 
he biochemist 
nutrition 
unit and 


on which 
plant 


we ar 
biochemistry 
synthesis of natural flavourin 
biochemical 
collaboration with 


phvsic prop piat ind a 


enzyme systems 
ind 
meat digestion 


physiolog 


of 


investigation 


i newly-est 


iblished 


newly qualified scientists or those with » to 
research experience are Ihe 
with a first or second-class 
a graduate with three years 


experience com 


| > academic or industrial invited 
salary for a newly qualified ge 
honours degree is t800 per annum 
esearch experience £1,025 per annum 


nand a correspondingly higher 


wuate 
for 


greater will 


salary 


the Staff Officer (err. 116) 


Please appl 


UNILEVER RESEARCH LABORATORY 


COLWORTH Hol st SHARNBROOK., BEDEORD 


INSTITUTE 


AUSTRALIAN NATIONAI 

UNIVERSITY 
CANBERRA 

of ADVANCED STUDIES 

DEPARTMENT OF ASTRONOMY 

niversity pr nak 


LEVINGTON RESEARCH 
STATION 
DEPARTMENT 


OF SOIL SCIENCE 


FISONS FERTILIZERS LIMITED invite 
applications for the interest 
tment of Agr 

1 the staff 


ng 


Research Station 
Applicants sh 
ture b 


sm tura 


wel 


field exper 


appointment 


mentat 


ted mainly 


j ser res nt 
ocation is vided with a 
Crop Recorder attached 


Department 
from ing with field experiments 
f the Br 
London 
ed immediat 


a senior appointment and the 

iffered will depend upon qualifications 

experience There are contributory 
ion and widow's pension schemes 


CHELSEA COLLEGE OF SCIENCE 


MANRESA 


fications and ex- 
the Personne! 
zers Limited 


giving qua 


made t 


Applications 
perience, should be 
Manager (LN10), Fisons Fert 
Harvest House, Felixstowe 


TECHNOLOGY 
ROAD, LONDON, S.W.3 
DEPARTMENT OF CHEMISTRY 

are invited for the of Le 


AND 


ations post 


indidates f na (i) qualifications 

and arch and teaching 

Teaching duti r the pr ! 
tion ‘ee Dipl 
1370 hy 


UNIVERSITY OF OTTAWA 
OTTAWA, ONTARIO, CANADA 

Assistant Professor in Pharmacology required 

Ph.D. or MB. Salary $6.000 to $8,500, accord- 
gat qualifi cap 


tessor M. | 


nnex 


Murnaghan at 


May 13. 1961 


NEW ZEALAND 


DEPARTMENT OF SCIENTIFIC 
INDUSTRIAL RESEARCH 
ANCIES FOR PLANT BREEDERS 
CROP RESEARCH DIVISION 

pop R ich has ca 


AND 


VAC 


when 


UNIVERSITY OF ABERDEEN 
RESEARCH FELLOWSHIP 

invited r a Postdoctoral f 

for research on t 

itary Gonadotropt 

uw in the Agricult 

Department of B 
experience 

not exsent 

year in 

this Fell 


£1,050 per 


ywship w 
2800 to annu 
would « 
Aberdeen 
ilars may be btained 


he 


th 


| (actual) 


at 
able 


409 


RED CROSS BLOOD 
TRANSFUSION SERVICE 
QUEENSLAND 
BIOCHEMIST 

are invited for the 

ipervise al hemical 
research in fields related to 

! n with the Director 

n planning 
red to advise 


posit.on 


ratories 
3.500 per 
ation to Quah 
and expenence 
be obtainec 


Brishane 


ull details may 
Adelaide Street 


fi 


procedures 


blood 


Salary 
annum 


gradua 
Plant breeding work a the Sone 
Island and at On h Island 
Liv To par ft 
In the Brass f ybrid 
resi 
n Is I t rr ted ‘ ha 
situated 13 n i ha 
| mite from Cant 4 ral 
at har t gctat 
la ty a t he field 
| ta and he ma 
the gina ‘ I “ 
in Geld and act 1 product 
ee 
and related problems, the cthnobota 
Ann] it f | 6a field and cvt gv and Pact 
| domesticated plants The Vegetable Resear 
Sta 1 ms Situated at (Mara Auckland = 
Salary: The salary off for these positions is Ps 
and experience and further advancement ' “eae 
scientific merit An outstanding officer can ' 
istrat responsit 
Fares pavabi United Kingdom 
/ and pro rata for pend t vidren plus tares BS 
f embark from port of arrival 
destination in New Zealand. South Africa. Up Ae. 
SCC tw £210 cach for steamer fares for appointee. et ss 
above for I ted K vd Other intr 
Minimum first-class ra or steamer fares t 
hortest and mos lirect New Zeala 
a 
jental Expenses Up to €34 for a sing 
mes srricd mar an be cla 
| New Zealand 
able from the High Commissioner r New 
Ihe ip Zealand, 415 Strand, London. WC 2. with wt pence 
ipplications w n June 17, 1961 Please 
(Head { Department Professor B. J. Bok, | quote reference inquiring 
M t Stron Observator Fa ippointment | 
e of Sen Fellow and Research Fellow, | ne 
the ar Th wlarv range ar Senior = 
w. £4.3,000 £A 3,550: F w, £A.2,12 J be graduates in Agricu In 
§ r Research Fellow, £A.2,620 informed on matters of H 
fA Research w. £A4.1,62 advice. Experience of B 
£A.2.48 Sum wation is n th FSS I | will be advantagcous as 
vattern, Reasonable travel expenses are paid the is with n 
and as . with housing prov i this biect Th Oe 
4 mmary of n n {f appointment and first oe 
“ive papers setting out the research pr An ma pro re 
-ramm nd fa ‘uw car and FSS 
ry and th him for | res 
and | Ar + 
ire availab | the 
Univer 
arti 
Gordon Sa — 
will be ns | ae 
| 
| 
} 
App 
Bioch 
Apr and to 
rer fron transfu 
n Biocher Transf ac 
anerience and tt n 
Biochemistry with 
£1.550. plus Lon £38 or £51 
fing iz 
Par ws and forms f application from the — 
Clerk t he Governors » whom applications \ 
bmitted not later than May 22. 1961 the above address 
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NEW ZEALAND 
DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 
SOIL BUREAT 


eg? 
Phe So Barca of the Department of Scent Animal Nutrition Research 
and Industrial Research bas vacancies for honours 
graduates in science or agriculture for the positions 


chemist, pedologist and mycologist. The Research scientists with postgraduate research experience are 
of these positions are 


F No. 1189 (B13/18/4). Soil Chemist invited to apply for the following appointments in the expand 
ing Animal Nutrition Division of the UNILEVER RESEARCH 
al cur r ) mis Sec 
ogy in relation to soil pro LABORATORY at Colworth in North Bedfordshire 
of different soil clays in 
nutrient avai X-ray diffraction, spectro 


eraphic ntiial thermal analysis techn CATTLE NUTRITION 

a’ we Bag 1190 (B13 18/5). Pedologist. The This section Investigates fundamentally the nutritional requirements 

napping and classification of soils, pedological of calves, growing and fattening cattle and milking cows with a view 
to developing improved foods and systems of feeding Excellent 
ester, town planner ‘ facilities for metabolism studies and feeding experiments are backed 
Vacancy 1191 13/4 colog by the resources of the chemical, bacteriological and _ statistical 
sections in the other divisions of the laboratory 


; There are two posts concerned with the lactation and growth studies 

Applicants should have research experience in ruminant nutrition o1 

ton but after training one of the cognate sciences and be interested in the nutritional 

oe ess ane ee physiology of the ruminant and its bearing on the reactions of the 
— pisses animal under normal farming conditions 


POULTRY NUTRITION 


The work of this section embraces fundamental growth studies and 
the application of these results to the production and marketing of 
poultry and the development of feedingstuffs. A recently occupied 
new building provides excellent facilities for research 


Applicants should have at least one or two years postgraduate 
experience and their training should include biochemistry at graduate 


ir postgr iduate level and either a veterinary degree or a keen Interest 


yblems 

Starting salaries for all these appointments will depend upon 
experience ind qualifications. Keen and able staff can ¢ xpect generous 
increments in salary and look forward to a satisfying research ca 


STAFF OFFICER CERR 9) NILEVER RESEARCH 


RATORY WORT SHARNBROOK, BEDFORD 


UNIVERSITY OF ABERDEEN NIVERSITY COLLEGE 

DEPARTMENT OF PHYSIOLOGY W Ss 

UNIVERSITY OF ALBERTA | Applications it 
FACULTY OF AGRICULTURE ship 


wil ABERYSTWYTH 
ARIMENT OF BOTANY 
Departm 


hormones 
to apply for 
ree Salary 
narmé : and rine t the Registrar, to wh 


> 
neurophys ‘ cations must be made by May 2 


riving details of qu nd DEPARTMENT OF SCIENTIFIC 
¢ name ) referees, should be submitted INDUSTRIAL RESEARCH 
d, Departmen 2 ! pplications a 


t n 


w “ie ies APPLICATIONS ARE INVITED FOR THI 
f Curator jon N 


thc Coryr 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF CHEMISTRY nen 
nvited the post of L« possible andidate 
n Candidates should | experience in Muse 
interests in physical « r general scientific kn 
cale: £1,050 by 25 al fields The 
£1,400 tf s but will not ent protracted or frequent 
ta rd »« h from the Museum buildings Salary w 
with superann 2 | the scale of £2,000 by £60 to £2,540, the 
where applica entry being decided on the is of previo 
> expected to take perience and qualifications An overseas appointec 
will receive economy class, air passage for him- 
brained from the | sclf and wife on taking up the appointment and 
cations (six copies) return passages at the end of three years Writ a 
names of two referees. should be lodged n the first instance to The Secretary, Coryndon mmissione 
than Mav 1961] Museum, P.O. Box 658, Nairobi, Kenya, East salam ondon, W.C.2, 
CHARLES H. STEWART Africa, when further details will be supplied if 1 close on June 30 
Secretary to the University | required uote = B.13/18 3 when inquiring 
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4 
Wellington and the 
1S miles from Well 
tationed initially at W 
l bh ed r 
“ placed in one 
In > WwW netor 
boratory being built 
rience and further ment ‘1s mn scier 
xperience and furt rdvance t | 
fic merit An rtstanding officer ultimately | 
eae advance to £2,300 a year without administrative | ie 
Fares payable: United Kinedom. Up to 
nh ach for steamer fares for appointee and wif ee 
ex ead and pro rata for dependent children plus fares to | oe 
Port f embarkation and fron port { arriva | 
to destination in New Zealand South Afr | 
Pe ee Up to £210 each for steamer fares for appoint ae 
Pee. plus fares to port of embarkation 1 from port | ier. 
_ f arrival to dest n New 7 and. Oth | ae 
tries. Minimum first and/or steamer | 
= Ee. far y shortest and most d t route to New a 
Zealand In tal Ex ses: Up to £3 
for a 12 per 1 £100 for a married n 
personal effects to New Zealand 
Pee App it npieted ter th sine d Please write for an appucation form ag 
n ntrics t t United Kingdom will | 
Jere ae 
Applicat forms ! furt ire a 
ind. 415 Strand, I fon, W.C.2. with whon 
ipplications w Jur Pie 
The I tment a 
a position in th mn The 
Science as Assistant Profess Rif in Annua 
Starting salary f 5.400. with excellent S. Pu H are | Plants,”’ under a grant from the Agricultural Re 
prospects for advancement Candidates must or three years begir 1 September 1 | search Cour Candidate who should be 
ave a Ph.D. or equivalent in genetics. Prefer- | C4% be arranges The at have 
nce w be given t ants with training m, led by 
September 1. 1961. w amental a other analge 
ipplied resear h f predict 
in research cts ger ritic 
tion 1 research on genctic-nutritiona 
xt 1 work ar 
shotoeranh iriculum AND 3 
academic record. and nam 
Vo thr refer s to the H indermen 
Animal Science. University of Editor or 
Alberta. Closing date: J Bureau, Head 
\ » Ye ntific and 
vith 
tS Is 
g 
Us 
I arried 
ric 
iking 
ava 
. 
; * 
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HEAVY ORGANIC CHEMICALS DIVISION 


is expanding its 
EXPLORATORY RESEARCH GROUP 


to study new tonnage chemicals, to develop mew ways 
? of making them, to establish the mechanisms by 
which they are formed and to work out the 


kinetics of the reactions involved 


Men and women are needed for this 


EXPLORATORY 
RESEARCH TEAM 


Organic chemists and physical chemists are needed 
most. but we should be glad to have a_ physicist 
interested in building novel equipment. a first-class 
mathematician keen on process development tech 
niques, and chemical engineers anxious to work with 


chemists 


For further information please write to 


| 
= Exploratory Research Group Manager 
Imperial Chemical Industries Limited 
Heavy Organic Chemicals Division 
Billingham-on-Tees, Co. Durham, 


quoting reference MB 5 


UNIVERSITY OF CAMBRIDGE 
PROPOSED UNIVERSITY SCIENCE LIBRARY 
APPOINTMENT OF ASSISTANT 
Applications r nvited from graduates in ASSISTANT CHEMIST 


science or with experience of library administration 


for apporntment to a post of Assistant Under- MICROBIOL OGIST 
Librarian The person appointed will initially 
work in the University Library ; and the duties LABORATORY ASSISTANT 


a be the prepar asSification scheme 
for the Sci Lit classifying of science There are vacancies for the above posts 
vatcrial at present niversity Library, and in the Central Control Laboratories. 
assistance nm the % the new Science The work w cover a wide range of 
Library building 1 salary scale for food products and offers interest, scope 
Assistant Under-Libr £800 to £1,550 a and prospects. Previous experience in the 
ar A non-pens owance of £50 a year food industry desirable 
paid for cach deper ld who is under the 
ave 16 or is in ¢ time education Five-day week, ontributory Pension 
The Cou of th the pers scheme, canteen, social club 
iPr i a , num cr he Write, giving fu details of age, qualifi- 
u- cations and experience, the Group 
towards re 4 Chemist, 148-166 Old Street, E¢ 


, rticula the 
Librar University and 
appl sh 1 be reac 
r quired but a candidate should give the IBADAN, NIGERIA 
am two persons to whom reference may be Applications are invited for Lectureship in De- 
to partment of Zoology Preference given to appli 
ints with a spe interest in either vertebrate 
UNIVERSITY COLLEGE OF zoology of genctics. Appointment to commence 
7 October, 1961 Salary scale £1,200 by £75 to 
I Passages paid for appointee wife and up to 
Applications ar nvited for the post of Techn tive hildren nder Il years. on appointment 
sl Research Assista to work with Professor nnual over s leave and termination F.S.S.U 
street » the establishment t free cultures | Children’s car and putfit allowances Part- 
rom higher plants at a salary of £450 per annum | furnished accommodation at rent not exceeding 
us S n as possill per cent of salary 
Applicants should have some training in chem Detailed a cations (six copics), naming three 
stry and biology and should send an outline of | referees, by 20, 1961, to the Secretary, Inter- 
heir training and qualifications, together with the | University Council for Higher Education Over- 
mame of a Referee, to the Reeistrar, from whom | scas, 29 Woburn Squar London, W.C.1, from 
rther particulars may be oMained whom further particulars may be obtained 


May 13, 1961 


NATURAL RUBBER PRODUCERS’ 
RESEARCH ASSOCIATION 


PHYSICISTS 


and 


CHEMISTS 


The Natural Rubber Producers’ Research 
Association require physicists and chemists 
to undertake research on polymers, The 
appointments are especially suited to those 
wishing to make their career in research 
Candidates should possess a good honours 
degree, some research experience would be 
advantageous but it is not essential A 
high level of ability and enthusiasm is 
sought, and successful applicants will be 
given c¢very encouragement, including a 
liberal publication policy, to show initiative 


to age, qualifications and experience, with 
superannuation under the FS. scheme, 
and an allowance for children Pleasant 
working conditions in laboratories located 
about 20 miles north of London 

Please write to the Director of Research, 
48-56 Tewin Road, Welwyn Garden City 

Candidates from overseas should include 
full details with their application 


DEPARTMENT OF SCIENCE 
KUMASI COLLEGE OF TECHNOLOGY 
KUMASI, GHANA 

Applications are invited for the following 
posts 
(1) Senior Lecturer and Lecturer in Mathematics 
(2) Lecturer in Chemistry 
(3) Lecturer in Botany 
(4) Lecturer in Zoology 
(S) Two Lecturers in Physics 
Qualifications 
Applicants should have an honours degree in 
any of the above subjects for which they are apply 
ing and be able to teach to the Advanced Leve 
General Certificate of Education The Lecturers 
in Mathematics should be able to teach mathe 
matics to engineering students up to degree level 
The Ghana Government intends to establish the 
College as an autonomous University in the very 
near future and teaching may then be to Genera 
degree level 
Contract appointments are normally for five 
years, and may be renewed. Three months’ notice 
of resignation of an appointment is required on 
either side 
Contract Salary Scales 
(Under Review) 
Senior Lecturer in Mathematics 
£2,054 by £78 to £2,522 
Lecturers in Physics and Mathematics 
£1,110 by £60 to £1,950 
Lecturers in Chemistry. Botany and Zoology 
£1,063 15s. by £57 10s. to £1,868 15s 
Point of entry is related to previous experience 
In addition, children’s allowances are paid up 
to a maximum of three, and a gratuity at the end 
f the contract at the rate of £150 for each year 
of satisfactory service 
The College is fully residential and members of 
staff are housed in pleasant modern bungalows on 
the spacious campus Climate and living condi 
tions are good 
Annual leave with three free return passages 
four years is granted to members of staff and their 


families 

tion forms and an information Brochure 

be obtained from the Assistant Registrar 
New ogy. 29 Tavistock 

Square, London will also be glad t 

answer any questions either about the work of 

the School or about living conditions in Ghana 


BIOCHEMIST, NON-MEDICAL, BASIC 
grade, required as locum for period July 31 & 
Semember 2, 1961, at Group Laboratory, Epsom 
District Hospital Salary, etc., as defined by 
the Whitley Counci Applications to Group 
Secretary Epsom District Hospital. Dorking 
Road, Epsom, Surrey, by May 31. 1961 


7 
tit 
and he 
ets 
| 
8 | 
| 
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of the laboratories, to the 


science or agriculture, and 


WOOL RESEARCH ORGANISATION OF NEW ZEALAND (INC.) 


APPLICATIONS ARE INVITED FOR THE POSITION OF DIRECTOR, WOOL RESEARCH 
ORGANISATION OF NEW ZEALAND (INC.). 

SALARY WILL BE IN THE RANGE OF £3,000-£3,500 STERLING DEPENDING ON QUALIFICA- 
TIONS AND EXPERIENCE. A SUBSIDISED SUPERANNUATION SCHEME IS AVAILABLE. 
REASONABLE TRAVELLING EXPENSES AND FARES TO NEW ZEALAND WILL BE PAID. IT 
IS DESIRED THAT THE APPOINTEE COMMENCE DUTY ABOUT APRIL 1962. 


The newly formed Organisation is an autonomous organising and directing research preferably, 
body financed jointly by the New Zealand Wool although not necessarily, in wool science. Applica- 
Board and Government, and will have an annual tions will be treated in strict confidence and should 
income of £100,000. New laboratories are to be provide details of age, marital status, nationality, 
built adjacent to a university institution, Canterbury degrees held, names of referees, and full particulars 
Agricultural College, Lincoln, near Christchurch. of post graduate experience, and publications. 
The Director will be expected to plan and Applications should be addressed to: 
related to wool. He will be responsible to the eee R meanest Coenen of N.Z. (Inc.). 
Executive committee, and will be required to Box 5115, Wellington, New Zealand. 
develop the Organisation from the initial planning Further particulars are available from the above, 


preparation of programmes of research, and dis- Secretariat, 18/20 Regent Street, London S.W.1, 
semination of research findings. or the Director, Department of Science and 
Applicants should have a University degree in Technology, The Wool Bureau Inc., 360 Lexington 


DIRECTOR 


selection of staff, or either the Scientific Adviser, International Wool 


be experienced in Avenue, New York 17, N.Y., U.S./ 


Applications close 31 July 1961 


MIDDLESEX COUNTY COUNCIL 


EDUCATION COMMITTEE 
BRUNEL COLLEGE OF TECHNOLOGY 
WOODLANDS AVENUE, ACTON, W.3 
Principal: Dr. J. Topping, M.Sc., D.I.C 

F.Inst.P 
RESEARCH ASSISTANT IN LIPID 
CHEMISTRY 
Applications are invited for appointment to a 
Research Assistantship in Lipid Chemistry which 
+ been established on a D.S.IL.R. Award. Duties 
ymmmence on September |, 1961, or as soon 
as possible The Research Assistantship is 
for three years Salary £870 rising to 
ibyect to deductions for National Insurance 
superannuation schem The graduate 
will be required to work on a project 
in Lipid Chemistry under the general direction of 
ead of Department. Candidates should hold 
a good degree in chemistry or biochemistry and 
preferably have some research or industrial ex- 
the lipid ficld 
particulars and y ipplication 
ybtained from the Reaistrar, Brune 
Woodlands Avenue 
they should be returned 
w thin fourteen days of the appearance of this 
advertisement 


forms of 


C. E. GURR, M-Sc., Ph_D., 
Chief Education Officer 


SARAWAK 
AGRICULTURAL OFFICER (DEVELOPMENT) 
To administer an Agricultura! Division with 
supervision of experiment stations, staff training 
mprehensive advisory and = supervisory 
“‘andidates (male), between 25 to 40, must 
fegree in agriculture rf natural science 
ast tw years’ postgraduate training or 
tropics arg iltur Appointment 


passages on ap- 
wife and up t 
is leave Furn- 


iva 


and =giving 
and exper ence 
ylonial Office, London 

Quote BCD 63/24/0114 Cl 


MIDDLESEX COUNTY COUNCII 


RESEARCH CHEMIST EDUCATION COMMITTEE 
BRUNEL COLLEGE OF TECHNOLOGY 
required to work in London on problems WOODLANDS AVENUE, ACTON, W.3 
connected with drug synthesis Must be Principal: Dr. J. Topping, M.Sc., D.LC 
we qualified and have research experi- F.Inst.P 
Pharmaceutical qualifications and DEPARTMENT OF MATHEMATICS 
round an advantage Applications are invited for an Assistant Grad« 
Apply with full particulars t rofessor B in Mathematics. Candidates should have a good 
E. E. Turner, F.R.S., Director of h, degree, together with some research, industrial or 
Biorex Laboratories Ltd., ? it teaching experience A knowledge of some branch 
Market, E.C.1, marking pe of modern applied mathematics such as operation 
search Chemist.”’ research, numerical analysis or clectronic com 
puters would be an added advantage The De 
partment is responsible for teaching mathematics 
905 throughout the College, in Higher National Cer- 
UNIVERSITY OF MELBOURNE tificate, Diploma in Technology and postgraduate 
SENIOR LECTURER IN PHYSICS (R.A.A-P. | courses. There is a course leading to the Diploma 
ACADEMY) in Technology in Mathematics. Salary: on scale 
Applications are invited for a position of Senior | £828 to £1,486 per annum, according to qualifica- 
Lecturer in Physics at the Royal Australian Air | tions and previous expericnce 
Force Academy, which is affiliated with the Uni- Application forms from the Principal at the 
versity of Melbourne Initia! research wil! be re- | College, returnable within fourteen days of the 
lated to studies of the atmosphere, radio research | advertisement 
and cosmic radiation. Laboratories are situated at C. E. GURR, M.Sc., Ph.D., 
the University The salary range is £A.2,.480 to Chief Education Officer 
£A.2,950 per annum. Initial salary will be deter- 
uon similar to t SS U in Great Britain will be CHELSEA COLLEGE OF SC IENCE 
provided AND TECHNOLOGY 
Conditions of appointment may _be obtained MANRESA ROAD. LONDON. S.W.3 
from the Secretary, Association of Universities of \ 
the British Commonwealth, 36 Gordon Square DEPARTMENT OF MATHEMATICS 
London, W.C.1 Applications close, in Australia RESEARCH ASSISTANTSHIPS 
and London, on June 30, 1961 Applications are invited for two Research Assist- 
intships in the Department Candidates should 
UNIVERSITY OF MELBOURNE | possess a degree in Mathematics with first- or 
LECTURER IN PURE MATHEMATICS second-class honours The successful applicants 
(R.A.A.P. ACADEMY) “ Prepare as internal students for a higher de- 
Applications are invited for a position of Lec- | gree under a Recognized Teacker of the Univer- 
turer in Pure Mathematics at the Royal Australian | sity of London The posts are tenable for two 
Air Force Academy, which affiliated with the | years but may be extended to three years The 
University of Melbourne The salary range is | salary will be per nnum he assistants 
£A.1,660 to £A4.2,360 per annum Initial salary may be requires monstrate Maximum 
will be determined ording to qualifications f six hours hict n additional pay- 
Superannuation similar to F.S.S1 in Great | ment ¢ mac ~plicants should indicate 
Britain will be provided the field ‘ em which they would 
Conditions of appointment may be obtained | like to investigate n addition, they should give 
from the Secretary, Association of Universities of | full particulars of their career and the names of 
the British Commonwealth 46 Gordon Square, | two referees 
London, W.C.1 Applications close, in Australia | Applications should be received by the Clerk to 
and London. on June 30, 1961 i the Governors not later than May 29, 196] 
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NEWCASTLE UPON TYNE UNIVERSITY OF THE 
RUTHERFORD COLLEGE OF E JOHANNESBURG 
TECHNOLOGY DEPARTMENT OF PHYSICS 
ected for Development into a College POCHIN & COMPANY LTD. VACANCIES. RESEARCH FELLOW 
Advanced Technology) RESEARCH STUDENT 
DEPARTMENT OF PHYSICS St. Austell, Cornwall Applications are invited for the above tempor- 
nvite t ’ r research posts The su sstul applicants w 
mpany concerned with the produc- required to participate f 
Department an r { China Clay (Kaolin, a basic raw all group working pr 
for research anc naterial t mn a wide variety f manu and on the influence of 
cases duties w i nd ociated mincrals ) strength of solids such 
1 The Department h proc n . & tr it ca Applicants for th 
sively with advanced ! rat 3 t r in the hold the Ph.D. degree, and applicants for the 
Jeagrees, professiona tell area, ormi as! Studentship should hold an M Sc honours 
Diplomas in gree The Fellowship is tenable for at least tw 
Postgraduat courses PT years and may thereatter be renewed annually t 
andidates should hav THE RESEARCH DE ° a further two years. The Studentship will be ten 
ms together with teach able for the period of study tor an MS 
al and/or research has vacancies for Science Ph.D. degree, subject to satisfactory progress being 
Candidates should graduates with or without post made. The salary attached to the Fellowship w 
meee, DS Bae graduate experience to work in be within the range R.3.060 to R.3.660 (£1,530 t 
ndustria! and he follo > — £1.830) and the initial salary will be 
ase an interest in the following sections by the experience applicant 
d Stat sic Physical Chemistry: Two Chemists for the case of the Studentship 
anc work on the surface properties and genera! range R.1,680 to R 
physica hemistry of clay minerals ©. Bre for an 
ate ill P 1.200 (£600) per 
Chensistry : An Inorganic Chemist work Passage to Johannesb 
nm a team engaged on the chemistry of y (£350) if ’ F f married 
minerals and ass ated problems : in 3 £150 single pe 1. Should 
af the Uni- 
advanced 
rseas return 


rate after 


Chemical Engineering : Pre‘era 
Chemica Engineer r a Che 
work 
UNIVERSITY OF NOTTINGHAM |} ™*" 
Applications ar wited for tt followin | Fuel Technology : 
ntments to be January 1. 1962 (unl her Engineer or Chemist 
1 Fue! Technology 


problems and k nart 


€ 


work r cw rocesses 


Paint. Rubber and Plastics : 
Assista work he at ition UNIVERSITY OF NEW ENGLAND 
me Lompanys Ot mt, rub ARMIDALE, NEW SOUTH WALES 
and Justr for Sales AUSTRALIA 
eve - LABORATORY TECHNICIAN OR SENIOR 
| LABORATORY TECHNICIAN IN 
BIOCHEMISTRY 


Concrete and Building Materials: Head 
with leve nent 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF PHYSICS 
ted Staff shit COLLEGE OF AFRONAUTICS 
ADVANCED STULDENTSHIPS IN 
MATERIALS SCIENCE AND 
ENGINEERING 


kK. R. 
Actir Regist 


versity of New Eng 


ROYAL VETERINARY COLLEGE 
(UNIVERSITY OF LONDON) 


THE NATURE CONSERVANCY REOUIRI wor it t th ind} 


tifie Officer 


' nn nent 


th 
Diploma 
Those 
to submit 


en 


tary va 
Street, Lone 
later than Jur 


assistant with cher unc 
hemical investigations icz re nvited from persons 
t { Potato Genetics € appointment cial | ns in pure mathematics for | - 
nthe Assistant Experimental Officer grad ! i en s (Grade I or ID The 
ass deer r equivalent qualification is v ate from September 30, 1961 
vy will be in the range £550 to £800 j on there as can be arranged 
y are and experience u irs may bained from the 
rmati« th names /addresses o nnuation.— Apr ns, with the names of | Re oom 22, O.R.B), the University 
ferees for ability and personality 1! 2) two ferees. should ressed to the Secretary adin or applications must be rece d 
submitted by May 40, 196! Bayfordbury, Hertfor not later than June S, 1961 not later than 
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menses 
xm 
hold 
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m 
t 
with 
- ig, dry | three years and at the full rate after four years Lane 
Jling, of service 
| : 
he su eesful apr hould assume « sa 
‘ mbustion || addressed to Professor F. R. N. Nabarro 
t Registrar. University of the Witwatersrand 
rer in Chemical Engine Lecturers and later 
Assistant Lecturers the Mechanical Ene r eae 
t T yna Sa | 
Mechanics (October 1 61) bh) Mect 1 | ae 
{ 4 tant I turer Med I nor Re < 
preferablv w k f Fast Eur | 
tH Salary scales: | 
A tant Lecturer. £800 to | 
rsit n Scher ind it is expected that apr ts should hav 
2 good ger or Sin} Lat 
Condit appointment and form of app Applications ireer and per jt In! f apr ts out Austr 
on te May 2 he addressed { New 7 in IML. n 
Revistrar | Personne! Office 4 High Cross Street. ficat he pr rred Dut “ rlude 
st both r and W eck 
| Sage will be determined according to qualia 
| Lat tory £A_18 td t 
} £4.26 6d Senior | rat Technician 
fA 28 %. Id. to Ss. Sd trent ware ha 
A 14 per week f n ) Liberal reere 
tion, sick and Pp!s 
Applications, stating full details of qualificatio 
x t avail | and expcric t f thr people 
hysics of solids. Initial stipend within the sca | at 1 the Department f Materials to enable | ghom referend +e ty may | eo 
1 by £50 to 4 hy £7S ¢ oT ‘ ‘ H Graduates in r Engineering to |} made. sh 
tro £1850 Apm n | iter ne-year two ir posteracuat ater than M App ants 
er 1, 1961. will carry F.S.S.U. and fam in Materials Scien Engineering Th | Australia 7 forward 
e henefite st ide ntships are pr fed by certain well-known | aggitiona ow 
Ant tions (thr naming thr | industria! organizations, and cach selected candi- | of Universit f the British Con wealth, 
t by Mav 24. 1% on th late w t appointed th staff of one ' | Gordon Saquar London, W.C.1. by th same 
Assistant Registrar th University | these organizations, by arrangement, on admis date. who w wrrat for the collection 
Ede ton. Birr whom furth sion to the ITs st th sala f £850 per | refer rer 
particulars mav he heained annum His tuition fee will also be paid The | . St 
Sc 
1 subjects indicated, plus postgraduat ecolog | meta matcrials, and w nelude a_ rescarch | > Nee 
relevant experience. Posts marked for | Proiect under personal supervision 
n ’ (A) Invertebrate populations (base | np nm of the lead to the award ie 
1 Varehan Z vy: *Coastal Physiography he Diploma ge of A autics Apr aS 
Warchan Botany Mountain Grasslands | (D.C.Ac.) or th Advanced Engincer Assistant Lecturer in (¢ mistry nm 
Bangor Rotany D> Tox Chemicals and | ime (D.A.E) ¢ natur of the Department of Physiology. Salary: £800 by #5 iat 
Ww I Huntingdon) ther Chemistry w irse indertak suitably qualified | to £950 per annum, plus £60 per annum Lond ais 
Riology, Botan r Agricutural Botany: (E)| Might be able work for a higher | allowance. Initia! salary within the scale accor ae: 
lear nz to expericn and qualifications Superannu : 
£ F) *Climatology (Aviemore): Geograph with I her information on the courses available | Won benefits and children’s allowances ee 
Physics and Botany preferred: (G) either (i) | 294 application forms m be obtained from Ar tion forms, obtainable from the Sect e 
Moorland Ec of Plant Litter (Grange the Warden, The College Aeronautics, Cran- Veterinary Coll R Colleae 
ver-Sands) Zooloey Chemistry r Rio. | field. Bletchley. Bucks N Ww should be returned not 
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FAST AFRICAN AGRICULTURE AUSTRALIAN NATIONAL 
AND FORESTRY RESEARCH UNIVERSITY 
ORGANIZATION | INSTITUTE OF ADVANCED STUBIES 
MUNITALP RESEARCH FELLOWSHIP IN | OF 
ble work | arch) Appointments 


ts 


cat wship is availa I 
but not essarily in 


have a vacancy in 
their Research Department 
jor a 


GRADUATE 
PHYSICS 


(or possibly Electrical Engineering) 


Preference will be given to candi- 
dates with experience of X-ray dittrac- 
tion techniques primarily as applied to 
he metallurgical field. A wide variety 
problems arise in this work 
cants should be versatile and able tis nr wea 
levise and construct equipment a ion, WiC ation in Australia 

| for n § 1961 


UNIVERSITY OF CANiERBURY 
CHRISTCHURCH, NEW ZEALAND 


Staff Employment Officer. SENIOR LECTURER OR LECTURER 
PHYSICS 


C.A.¥V. Limited, 


necessary 


Write in full (quoting Ref. F) to 


and exter 
Departm 


cstigza 


at 34 Hayward 
CENTRAL ELECTRICITY 
BECHUANALAND GENERATING BOARD 


PROTECTORATE 
FORESTRY OFFICER BIOLOGIST 


nd 


250 per anr 
>t £1,700 


th 


aphy and the bi 
and children 


xpenses w 


ng BCD 63 


commensurate th 
SIR JOHN CASS COLLEGI UNIVERSITY OF MANCHESTE 
'FWRY STREET, LONDON, EC | v : n the range £1,600 to £2 - Applications are invited for the post of < 
9EPARTMENT OF CHEMISTRY | nnum Fellow in Chemical stallography in the 
20Ors invit tions for Lectu ment of Chemistry in the ulty of S 
Stating age wor nvestigations the structur 
u biok import 


art 
present position and salar t nati 

ntments Officer, 2 n n ) structt imterest Excellent 

C.1, by May 23 r ties are avi P single crystal analysis 

inked Confidentia an ) tation The Fellowship 

be available for 

n the first in 

Applicants 

soon a had tr: nele crystal analysis 

NIVERSI y Ot Ql NSI AND nc SS 2 or have had 
t tgraduate ence 

UNIVERSITY OF BELFASI DEPARTMENT OF ANIMAL HUSBANDR lication uld be lh ‘tates than 

ane . ral Research Trust | qgay 31, 1961, by the Registrar, University of 


have 


rom the Secret 


a postdoctora The Geo ken Past 
for work tere d bov Manchester, Manchester, 13, from whom further 
ympounds in the |i ecific inder in part n annlicatior 
and protein in Department r é 
the names and ad ramppanen has been conducting fic id tr ° MACAULAY INSTITUTE FOR 
{1 be sent to Professor the problem in central west ! 
will be undertaking , n Applications are invited from graduates with 
wspect presented b t Ir 1 | first- or second-class honours in Mathematics with 
cases the work Z ’ F Statistics, or a Diploma in Statistics, for a vacancy 
postgraduate deercc Ihe salary wil! be within the in the Statistics Section The duties are main 
hould » £4.1,250 to £A4.1,600 according to qualifi ymncerned the design and analysis 
catic experiments ¢ appointment w 
Applications, stating age, qualifications, exper the Scientific Office Starting sa 
ence and other relevant information should be for the range £738 to ¢ annum, according t& 
warded to the undersigned not later than May 27 age, qualifications ar p nce Superannua 
1961 tion Scheme 
C. 3. CONNELL, Forms of applicatior obtained from th 
Registrar Secretary. the Macaulay Institute for Soil Re 
University of Queensland search, Craigicbuckler, Aberdeen, to whom they 
Brisbane, Australia should be returned before June 10. 1961 


APPLICATIONS ARE INVITED FOR A 
post of Junior esearch Assistant in the Cyto 
ediatric Research Unit 


genetics Gr 


Guy's Hospit Applicants s 


a biol 


mot later than 


83 
xs 
quarters of this Orga t at M 1. Keny t classical geophys 
and partly at the Headquarters of the East Africar ncluding gravity and scismology ; (ii) isotopic age 
Meteor gical Depart t at Nairot Apr detern mons (il) pala nagnetisn (iv) phy 
ants should preferably possess an honours degree high press v) structural geology or pet 
= physics, and h had several years’ postgrad ay The department is engaged on work bests, 
ate experience in phys meteorology, and ar RY. Palacomagnetisn SOLOPIC eter 
Werest in instrumenta would taec. | }m tons, deformation studies f rocks and 
The v f th per ar | minera phase equilibrium dies at high pres 
and is at the first insta for one yea ares 1 temperat pectro-chemistry and 
but is renewable f further two years by mutual tra nent a ysis, meteorite studies 
ind metamorr net t 
agreement Air pass s to and from w | | pI m y It p sses a wid 
pr fad for the <f mnlicant and appara! high pr re « P 
family The Mot Laboratory will t uipped iss Spectrometers, an ARL X-ray 
Te eee with balloons (kyt s) to carry radiat probe ard a full rang f X-ray and optica aes 
getat mal reasing s rities rought 
Son tt work w rried ® over river | 
catchments in which th mmplete wat balan 
s being measured. The Fellow will work under 
Lot the Head the Physics Division of this Organiza Se 
tron which compris three phy st thr eX 
per  Scientif Assistant Exper ta 
On ) puting staff other 
The yw he based at M iga. whict | Prag’ 
miles fr Nairobi, near O00 | 
if hoa sea level, and there a ver 30 Research Officers | Soe 
Applicants are requested to write in the firs 
stance to the Director. the East African Agricu ied 
ture and Forestr Research Organization. PO ted 
Box 21. Kikuyu, K The D Dr. E. W k dine 
Russ the research being carricd on in t tment 
September nely solid state stud rad of 
th ipper atmosphere h aS meteorite distribu 
turoral zone detection and studies of th 
hie wer ionospher It is hoped Appoint some ee 
eae ae who is prepared to work in the ficld of the solid Bey 3 
tably qualified and interested in any of the 
be | research topics mentioned, The salary for a Le 
must have a dere in forestry with postgraduate | Leatherhead. Surrey. tw lead Group | rising by annua) increments of 4 
experien forestry work preferably in in Sugating = marin gy around t 1 and for a Senior ! turer t rate ot 
Sees ventory work and ral adn stration App | power stat An important part tne i* ) per annum rising by annual increments t Ee 
Sees ment on miract grat terms with salary in | work will be to establish tot ry will be ir we 
e £888 to £1,848 ratuitv 12) per t | between the hydrog p We 
t 4 Gra 12) per t | xper 
sa Furnished quarters at moderat the water allowed 
rental passage apporntment for officer | In addi 
in fates sh 
ao wife and dependent childr nder 21 years of age | Candid wuld allowed PP 
ip to a maximum of f passages in all | rs Ccarce, Ry 
oe Generous Childr Jucation allowances | rf higher qualification, and some experience Further particulars and intormation as to. the - 
§ iol Fe Apply tating name und giving brict in ths type of work They should be pre method of app ation mav be beained from the ‘i 
fetails of qualifications and experience, to Director | pareu pend a sudstantial part Secretary, Ass 4 Universities of the British 
f Recruitment. C vial Offic London, S.W.1, | tren m ficid work Supporting staf! | ¢ wealtn Gordon Squar London 
| uiready available | W.C.1. Application sc, in New Zealand and 
Apr 
Salar 
D 
| 
owe 
# 


AUSIRALIA 
SENIOR BIOLOGIST 

FISHERIES BRANCH, CHIEF SECRETARY'S 

DEPARTMENT, NEW SOUTH WALES 

icaUIONS arc viied for appointment to 
position between 
2.290 per 
rding to 


ann 
qualifi 

recognized 

Applicants 

tinal research preferably 

ion, and published 

successful applicant 

ntific Section of the 

nsibie for (a) 

Planning ar < natir yved research pro- 

gramm ) work of scientific 

staff and 


indertaken 
fields since 


lal researc 


the OFF 
th Wales 
Strand nd “ee t whom applicat 


b 


UNIVERSITY COLLEGI 


and chemica 

al stocks of Dr 
1 Gutids 


qual fication w 


BELFAST 


Research Fellow- 


UNIVERSTI 
Applications are in 
ship in the Department 
University, Belfast, t 
adsorbed spec 
spectroscopy, in collaborat 
Pullit The appointment 
from October |, 1961, but 
second year Salary in th 
plus P.S.S.U. benefits 
research degree and 
of the operation and 
photometers 
Letters of application, incl details of 
scientific experience and int and the names 
and addresses of two referees should reach Dr 
A. D Pull Dep Chemistry 
Queen's University, Belfast, ~, by 10, 1961 


Y OF 
4 


study of 


extended for a 

ranee £800 to £1,100 
Apr ants should have a 
preferably some experience 
design of infra-red spectro- 
ding both 


rests 


artment 


June 


TRADES 
ist of suffi 
charee of 
to the 


ALLIED 
a Phys 
to take 


THE HOSIERY AND 
Research Association requires 
jent stature and experience 
investigations of fundamenta mp 
Hosicry Industry This is a senior apr 
and is likely to appeal to a man who 
sound scientific knowledge with an imaginative 
outlook Applicants should be between 25 and 
se They should have a good science degree and 
preferably experience of research Experience of 

be an not essen 
research encouraged 

H be commensurate with 
! not be less than £1,400 per 
ation premises are exception 
ally well cquipped and are ideally situated 
pleasant surroundings in Nottingham Applica 
tions should be submitted in writing to the Secre 
tary HAT RA Thorney wood Gregery 
Boulevard, Nottingham 


tance 
niment 


nbines 


advantage but is 


qualifications but w 
annum. The Assoc 


in 


NATURE 


| 


IMPERIAL CANCER 
RESEARCH FUND 
DIVISION OF CHEMISTRY AND 
BIOCHEMISTRY 


Applications ed 
niments 


are imy for the 
OFFICER Grade UI 
have research exper 
techniques ommonly 
gations and should 


SCIENTIFIC 
sn 
hemica 

inves 
the 
am 
ons 
benefits 


range £1,050 by 


and 


OFFICER Grade IV 

required to assist in 
rgar mpounds 
significance 

obtained an honours 
emistry Full details of this 
us experience should be 


SCLENTIFK 


and 
recently 


prev 


annum p 
SS. henefits 


« 
aduate or 

iid be 

ern Chemistry 


IENTIFIC OFFICER Grade 


Salary 
£950 
£1,050 by £100 
Ill) a ding 


en 


ner 


benef un 


App 

sddressed 
Research 
is, London, W 


should 
Imperia 
Lir n’s an 


giving full particulars 
Ihe Dire 
ad 


cauions 


Cc? 


Assistant t n 


Pas 


ymmodation 


ce 


| re 


fu 


UNIVERSITY COLLEGE OF 


GHANA 
d for (A) Lec 
Botany 
special interest 
mt physiology 
£G.1.000 
to 1,800 
£G.950 per ann 
qualifications and 
family and other allowances 
and family appointment 
termination. Part-furnished ac 
charge not exceeding per 


tureship 
Preference 
in either 
Salary 
by £G.50 to 
per 
im Entry 
experience 


App stior P rvite 


1 to 
rt 
uler review) 
by £6.75 

(B) £G.900 ; 
rding to 


mcs 
m 
mnt acc 
SS. Outfit 
Sages for appor 
and normal 
ata 


on 


ave 


nt of salary 

Detailed applic ns (six comes) 

by ne 20, 1961, to Secretary. Inter 

rsity Council for Higher Education Overseas 

yburn Square, London, W.C.1, from whonr 
particulars may be obtained 


naming three 


ferecs 


Ww 
rther 


er 
to 
pa 


bon 


referees 
University Cx 


fu 


UNIVERSITY COLLEGE 

IBADAN, NIGERIA 
Applications are invited for the Chair of Geo- 
aphy Salary £3,000 per annum Appointment 
commence October, 1961, if possible. Passages 
d for appointee, wife, and up to five children 
1! years, On appointment. annual overseas 
and termination. Children’s, car and outfit 
FS.S.U. Part-furnished accommoda 
at rent not exceeding 7.7 per cent of salary 
Detailed applications (ecieht copies), naming three 
by June 20, 1961, to Secretary, Inter- 
incil for Higher Education Overseas 
Woburn Square. London, W.C.1, from whom 

rther particulars may be obtained 


UNIVERSITY OF CAMBRIDGE 
STATISTICIAN 
Applications are invited for the post of Statis- 
an to the Medical! School Applicants should 
graduates im mathematics, mathematica! 
S, Of Statistics Experience with punched 
and electronic computers would be an assct 
appointment will be for five years from 
yher 1, 1961, in the first instance Salary 
250 by £50 to £1,400 by £75 to £1,800, accord- 
experience 
lications should be made in writing to Dr 
4. Gresham, the Medical School, Tennis Court 


vad, Cambridge, not later than June 4, 1961 
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LINCOLNSHIRE RADIOTHERAPY 
CENTRE 
PHYSICS LABORATORY 
Applications are invited for the post of Isotor 
aboratory Technician in the Lincolnshire Radio- 
St. George's 
vived is the use 
mM patients tor 
treatment and 
ates should have 
Physics and 
‘lof the GCE 
physics or inter-B.S 
Salary scale at argc 


crimental 
schoo! reco 
mathematics at O 
r ONC. in 
equivalent 
tot 
Applicat 


appli 
qualifications 
10 per annum 
ng details of 
cations, and experience, 
of two referees ’ adc 
Secretary, Lincol: H 
Committee, Coun < | 
turther particular car > obtained 


education, qualifi 
with the names 
ressed to the Group 

Management 
from whom 


ms. 


SOUTH-EAST ESSEX TECHNICAL 
COLLEGE 
LONGBRIDGE ROAD, DAGENHAM 

Required September, 1961: Assistant Lecturer 
(Grade B**) in Metallurey Applicants should 
have a degree or equivalent qualification, with 
teaching experience, and teach 1 
Higher National Certificate Industria! 
experience is lary scale: £700 
by £27 10s 
allowance 
mencing salary 
mum will b 


(£38 


tra and 
Burnham Further E 


and 


the Govern 


further particulars trom 


rs 


BRITISH TECHNOLOGY INDEX 
Applications are invited for the post of Editor of 
British Technology Index which will be 
ished monthiy with an annual mulation, ¢ 
mencing in January, 1962 Index will analys 
leading British p 
nology Comr 
£1,500 to £1 
scheme. Duties to comr 
Applicants must have 
ind should have wide of technical 
formation service in a te brary or m 
a degree in science The s sful candidate will 
to set up th reanization for pre 
British Technolog) and to plan 
ttaki n deta t 1 editor after 
been appoint responsible 
f the I Association for all 
with Index 
na de of age, cducation 
together ) the names of not 
* than three to whom reference may be made. 
retary, the Library Asso- 
Malet Place, London 


the 


superann 
September 4 
lige of catalog 


SSCSS 


Index 


and will be 


brary 


by 


UNIVERSITY COLLEGE OF 
GHANA 

Applications are invited for (A) Lectureship or 
(B) Assistant Lectureship in Mathematics. Prefer- 
ence given to candidates with qualifications in 
applied mathematics. Salary scales (under review) 
(A) £G.1,000 by 4G.50 £G.1,350 by £G.75 to 
£G.1.800 ; £G.1.850 per annum (B) £G 900 
£G.950 per annum Entry point according to 
qualifications and experience FSS.U Outfit 
family and other allowances Passages for ap- 
Pointee and family on appointment, leave and 
normal termination Part-furnished accommoda 
tion at a charge not exceeding 7.5 per cent 
salary 

Detailed applications (six copies), naming three 
referees. by June 25. 1961, to Secretary. Inter- 
University Council for Higher Education Overseas, 
29 Woburn Square, London, W.C.1, from whom 
further particulars may be obtained 


COUNTY OF ESSEX 
SOUTH-EAST ESSEX TECHNICAL COLLEGE 
LONGBRIDGE ROAD, DAGENHAM 
Applications are invited for appointment as a 
Research Assistamt to carry out fundamental re- 
search vem n organ phys hem 
istry tes shou'd hold a good honours 
degree alary : £400 annum, plus additional 

payment for part-time teaching 
Further details fr the Cle 
at the College 


June 10 


to 


of 


per 


rk to th 


nors 


tus 
. 
| 
} 
| 
ap | 
4 
en 
| use 
Dos 
ling 10 = 
ree i peri £60 Londor 
(d) Carrying out work and advis- allow family 
ng the Superintendent of Fisheries on the man allow | Ls 
agement and development of the Fisheries The — ee 
successful applicant wi be cligible subject to | | 
passin 4 medical cxaminatio to contribute to | Applican ees 
th State Superannuation Fund Reasonable the synthesis | 
travelling and removal expenses will be paid to the | potentia re a 
| should hav 
| degree in ¢ | 
6 | and iny en 
s | submitied 
Initial salary w range £850 by 
£50 » £950 £60 Lond 
fam 
sllowances 
GHANA 
Ap ations are in 1 from suitably qualified | 7 a 
Jidates for appointmer as Chief Techn Applicant should be amar fe 
Candidates must doctoral biochemist and w search S« 
: | » work in the Section of P vice. Additions will also 
st Kper of man he wwing t hin the range £850 by 
f in accordance with cation 
se n i staining: embaim ng annum, (Grade IV) or Resort 
f specimens f lat in £1,250 per annum ( ide 
tions slizarin red preparations; preparat | qualifications and exper th 
st ture med stains, fixa jon allowance ; FS.S.L 
gen phila The re unt Fina he | 
City ficate r equivalent ‘ 
highcr be an advantage. The | = 
is mperannuable for Ghanaians on | 
salary scale £G.1.200 by £50 £G_ 1,500. plus 
nsport a wanct or nat r-year | Bes 
t wing paymen ‘ be made : 15 per nt | bine 
contract addition mily a wance tht allow | 
an and v £Gis0 per annum | 
Passas appointment, leave and mpiction | (f 
f ura Part-furnished a mmodation at] ¢ 
not more than S cent bas salary 
Applicat s (six copies), naming th ferees, ee 
bel j 1961 he Assistant | a 
Registrar (London), University Colicge of Ghana, | a ees 
1S Gordon Square. London, W.C.1, from whom be 
further particulars may be obtained a, 
c 
(> 
= ah 
= 4 
- 
G 
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UNIVERSITY OF ST. ANDREWS 
Applications are invited for an Assistantship in 
Organic, Physical or Inorganic Chemistry in the De 
partment of Chemistry, Queen's College Dundee 
commencing October 1, 1961 The successful can- 
didate will be given every encouragement to pursue 
research cither on his own or in collaboration as 
he chooses The Department is well equipped for 
most techniques, especially in the fields of kinetics 
and spectroscopy Salary scale: £800 by £50 & 
£950 Appointment for three years, with possi- 
bility of renewal for fourth and final year 
F.SS.U. Family allowance. Grant towards furni- 
ture removal expenses 

Applications (six copies) containing the names 
f three referees, to the undernoted not later than 
tune 14, 1961 


PATRICK CUMMING 
Joint Clerk to the University Court 
Queen's Colicge. Dundes 


COUNTY BOROUGH OF 


STOCKPORT 
STOCKPORT COLLEGE FOR FURTHER 
FDUCATION 


4 


ence Department required 

gan Chemistry or Phys 
ndard f Final B.Sc and 
Candidate must b 

a British university. Du 
vence 1, 1961 Burnham Tech 

1 conditions of tenure 
ars and application forms from | 
port € ge for Further Edu 
ation Wellinet Roa S h, Stockport t 
be returned by May 20 61 


UNIVERSITY OF HULL 
DEPARTMENT OF MATHEMATICS 
LECTURESHIP OR ASSISTANT 


| ECTURESHIP IN APPLIED MATHEMATICS | 


LECTURESHIP OR ASSISTANT 
LECTURESHIP IN PURE OR APPLIED 
MATHEMATICS 


Applications are ir adove 
nable from October 1, 196! Salary : Lecturer 
1.050 to £1,850 per annum Assistant Lecturer 

t a fing 
and exper and 


ur ars may be obtained from the 
strar, whom applications (cight copies 
{ be submitted by June S$, 196! 


QUFEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 
ys are invited for two new posts oO 


Assistants to 
hanism and 


to qualifications The ap 

pointment is fx ne year in the first place with 
bility of renewal for a second year 

d ication forms, obtainable from the Regis 

trar, Queen Mary College, Mile End Road, E.1 


should be returned by May 20, 1961 


UNIVERSITY GF DURHAM 
KING'S COLLEGE, NEWCASTLE UPON 
YNE, } 

Council of King’s College invite applica 
for a Lectureship in Applied Mathematics 
commencing salary will be determined at a 
suitable point on the Lecturers’ Scale (£1,050 & 
£1,850) ding to the age, qualifications and 
experience of the successful applicant. F.S.S.1 
and child allowance 

Further particulars may be obtained from the 
Registrar and Secretary of King’s College, to 
whom applications, together with the names and 
addresses of three persons to whom reference 
may be made, should be addressed so as wo 
reach him not later than May 24, 1961 


ASSISTANT EXPERIMENTAL OFFICERS 
required by Research Institute (Animal Virus Dis- 
eases). Pirbrieht, Surrey: (1) For Biophysics De- 
partment Work involves application of physical- 
chemical methods (clectron-microscopy, clectro 
phoresis, ultracentrifugation, etc.) to the study of 
foot-and-mouth disease and other animal virus 
diseases. Applicants over 22 should have H.N.C 
or equivalent. (2) For work connected with pro- 
duction of attenuated strains of foot-and-mouth 
disease vaccines Previous experience in virologi 
cal techniques, preferably including tissue culture 
essential Applicants over 22 should have HN.C 
or F.I.ML.T., preferably with virology as one 
subject Salary dependent on and qualifica 
tions in A.E.O. scale £625 at age 22 rising to £983 
Houses available for married applicants Super- 
annuation scheme Applications to Secretary 


UNIVERSITY OF BRISTOL 


Applicatio 


(1) Assistant 
1, 1961 


nterests 
within the 


(2) Demonstratorship, 
the first instance 


maximum 
annum 


Further particulars 


Regi 
app 
1961 


ar 


NATURE 


preferred who have 


renewable annually 


1961, an 


Salary 


UNIVERSITY OF LONDON 
KING'S COLLEGE 
The Colles 


£950 


UNIVERSITY 
KING'S COLLEGI 


UNIVERSITY OF 
DEPARTMENT 
CAVENDISH 

Research Assistant 

metal physic 
P. B. Hirsch 


knowledge 


versity degree 
Applications should be subm 
tary to the 


Laboratory, 


not later than June 
referees who 
candidate’s work should be given 


ranee £750 


with age and experience 


UNIVERSITY 
The Senate of the Queen's University of Belfast 
invites applications 


Mechanical 
Preference 


interested in Strength 
£1,700 to £2.27 
under the F.S.S.U 
scale will depend 


Cowie, M.A 


versity 


plus contributory pension 


yn qualifications and experience 
Applications should be received by May 31, 1961 

Further particulars may be obtained from G 
Secretary to the Uni 


BIRKBECK COLLEGE 

(UNIVERSITY 
Applications are invited for the post of Assistant 
Salary scale £800 per annum 
by £50 to £950 per annum plus London allowance 
of £60 per . 
further particulars 
College, Malet Stre 


Lecturer in 


applications 


eeXXili 


WOOLWICH POLYTECHNIC 
LONDON, S.E.18 

Principal: Harold Heywood, D.Sc., Ph.D., 
A.C.G.1., Wh.Sch, M.I.Mech.E., M.1.Chem.E 

Applications invited for a Lecturer in Physics 
from candidates with an honours degree The 
Physics Department is a large one with courses 
for the BSc. General degree and B.Sc. Special 
jegree in Physics (Internal) of the University ot 
London There are facilities for research A 
knowledge of either X-ray Crystallography or of 
Nuclear Physics would be an advantage, but is 
not essential. Salary: £1,370 by £35 to £1,550 
plus London allowance £38 to £51 

Particulars and application form from Clerk 
Governors to be returned by May 27, 1961. 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF CHEMISTRY 
Applications are invited for posts of Assista 

Lecturers in the Department of Chemistry c 
didates should have particular interests in phys 
cal chemistry, inorgan chemistry or organ 
hemistry Salary scale £800 by £50 to £950 per 
annum, with superannuation benefit and family 
allowance where applicable Tenure is normally 
for three years The successful candidates will t 
expected to take up duty on October 1, 1961 
Further particulars may be obtained from th 
undersigned with whom applications (six copies 
gising the names of two referees, should be 
<iged not later than May 31, 1961 
CHARLES H. STEWART 


Secretary to the Universit 


UNIVERSITY OF BRITISH 


COLUMBIA 
LOW TEMPERATURE PHYSICIST 
* University tes applications for a vacan 


in the Low Temperature Laboratory The ap 


made at the rank and salary 
appropriate to the training and experience of th 


applicant The minimum salaries are $7,000 f 
Assistant Professor, $9,000 for Associate Professor 
und = $12.000 for the rank of Professor The 
laboratory s well equipped The requirements 
are for a promising young man to take charge and 
lirect a ree of the work 


f formation write to: G. M. Shrur 
Head, Department of Physics, University of British 
Columbia, Vancouver &, B.C 


UNIVERSITY OF MANCHESTER 


Applications are invited from graduates ir 


Physics. Chemisary, Metallurgy, Biolozy or Engin 
ecring for the post of Assistant Lecturer in Denta 
Materia The perso ppointed will be 1 

cerned with work th propertics of denta 
materials Applications would be considered from 
persons intending to graduate in 1961 There is 
wide scope for research in this field and amp 
facilities are availablk Salary on a scale £800 


to £950 per annum with membership of F.S.S.1 
and Children’s Allowance Scheme 

Applications should be sent not later than Junc 
3, 1961, to the Registrar, the University, Man- 
chester 13, from whom further particulars and 
forms of application may be obtained 


ASSISTANT LIBRARIAN REQUIRED FOR 
Central Technical Library and Information Service 
of a large expanding group of widely varying en 
gineering companies in the Midland area App! 
cants should be Chartered Librarians aged tx 
tween 25/35 years, and preferably have industria 
experience The successful candidate will dea 
with the cataloguing, classifying (U.D.C.), refer 
ence work, correspondence, written inquiries and 
prepare reports Experience of Staff contro! is 
required Minimum starting salary £800 per 
annum; actual salary according to age and 
abilities : contributory pension scheme and usual! 
large company facilities Please write, giving ful 
ictails of personal background, experience and 
initial salary required to: Labour Officer, Messrs 
Rubery Owen and Co. Ltd., P.O. Box 10, Darlas- 
ton, Wednesbury. S. Staffs 


A GRADUATE (IN MEDICINE OR 
Science) ig required in the Bacteriology Depart- 
ment to take part in research work into the prob 
lem of staphylococcal virulence Previous ex 
perience in isolation and estimation of toxins an 
advantage. Salary according to qualifications and 


experience, up to £1,500 per annum Severa! 
other problems including the metabolism and anti- 
biotic sensitivity and resistance of staphylococc 


are being studied in this Department and there 
may be further openings in these ficlds Apptica- 
tions, wth details of qualifications and experience 
and the names of two referecs, should be sent 
the Dean, Guy's Hospital Medical School, London 
Bridge. S.E.1 


— 
are invited for the following ap 
mu the «Department of Geography 
Lectureship, tenable from October 
ndidates will bc 
n Economic Geography and have 
agricultural or bio-geography. Salary 
eae £800 by £50 to £950 per annum. | igs 
tenable for one year in | 
up to al 
| 
hree years Salary £450 per 
= 
may be obtained from the | 
cations should be submitted by May 29, 
| 
scale: £800 by £50 per annum to 
London allowar of £60, family 
allowances, and F.S.S.t benefits will also 
“eter Fa ties for research in cither experi- haf 
menia r theoretical physics will t pro 
vided 
Con ms f appointment and applica | 
tion forms may be obtained from the Regis- || 
trar King's Collier London, Strand = 
ats W.C2; completed forms must reach him || 
Le | : | 
ae | The College will require on October 1, ae 
| 1961, a Lecturer in Anatomy Applicants | 
| hould be graduates with medical qualifica- 
; tan | Salary on the Jumor scale £950 by £50 
£1,150 per annum, plus a London allow 
ce } 4 £960, family a wance ang 
| application forms may be obtained from 
‘ he Registrar, Kine’s College, Londor 
Graduate Res ate in Strand, WC mple 
research on the biochemistry of ach him by ay 
photosynthesis in the Department of Botany 
Sh ee Candidates should hav an nours degree in An 
a 
CAMBRIDGE 
F PHYSICS 
BORATORY 
sired for work in the 
r the direction of Dr 
ts should have some 
lificatio 
ted to the Secre- | ae 
names of two 4 
LG 
Salary in the | 
be fixed in accordance | 
cr 
Materials. Salary ranee | a 
rights 
— 
we 
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UNIVERSITY OF DURHAM | BEDFORD COLLEGE 
KING'S COLLEGE, NEWCASTLE UPON (UNIVERSITY OF LONDON) 
TYNE, 1 FEDERAL GOVERNMENT OF NIGERIA REGENT’S PARK, N.W.1 
The Cou j { Kine c CR nv applica- The Council tes app ations from honours 
s for a Lecture nie nP Mate matics The VETERINARY RESEARCH tor th Post Assistant Lecturer 
mmer alary be determined at a suit emistry preferably with research experience 
‘ moun n ow Lecturers’ Sca (£1,050 & OFFICER and an interest in ph al. physica! inorgan 
£1,850) according to th age qyualifications and physica rgan hemustry Vacant October 1 
um e of the s ssful applican FSS Required by t f Veterinary 1 pen t and women. Salary scale £800 
Research, \V t investigations by £50 to £950. plus per annum London 
Fu par may ned from the and research int amimal dis- allowan with imtial salary a rding to quali 
Reais and «Secretary { King College, t case in Nigeria, resear nto vaccines and cations and exper Cl ng date for appli 
whom »plica gcth “ lan and supervisi f hnica taff engaged in cations: June 10, 1961 
addr thre persons whom reterence accine productiot Full particulars from the Secretary 
may be made, should be addressed aS 
cach him o ater than May 24 ai) c — s sh x" be members of the WYE COLLEGI 
val lege terinar cons, or 
CERAMIC RESEARCH ve qualificat enized by that 
( ac Applications a wited tor the posts of Assis 
(LIAISON , ; tant Lecturer in Z zy, Salary sca‘e £800 by £50 
Appointment on ¢ tra for ¢ tour of to £950, plus London a wance 
ree years exper NGUMTY to months the first instance with Demonstrator 1 Z gy. salary £600 to £750 
th eran wh ndus Some Prospect cx Salar to — 
ications and he orale Furth T Sec ary. Wye 
$34 w £2.196 per a n line Ir a nr Ash! 1. Kent » whom applica- 
a y RANI ZC AG > stuity per tions should be sent not later than May 31 
Officer grade alifying fo membership rf annum ON sat npletion of vice 
“ry Outfit allowa f £60 salaries below UNIVERSITY OF LONDON 
Ano ons. in eriting. % he D tor f t1,.°41 Free passages for officer and wit READERSHIP IN: MATHEMATICS AT 
Research, D i Astt The Brit Liberal hom ave full pay. Quarters WESTFIELD COLLEGE 
Ceramic Researci Ass ution, Queens Road ind = income tax ut “ i rates The Senate invite applications for the Reader 
Penk Stok 1 Children’s allowances wh separated ship in Mathen cs (Pure Mathematics) tenab 
ut Westfield ere (salary scale £1,675 to 
Writ for ‘Talal at formes a th to 7< a vear ton 
cula x efly qu atior pp s nu t ved 
AND FISHERIES FOR SCOTLAND and experi to the Recruitment Attach ater than June &, 1961, by the Academic Regi 
Two temporary unpensionable posts for Assist- | Om t the High Comn er tor Nigeria, rat University {f Lond Senat Hous 
cot Experimenta! Officers for research work Nieeria House. 9 Northumberiand Avenue W.C.1, from whom further particulars may b 
t London, W.C.2, quoting 7.31 btained 
NORWOOD TECHNICAL COLLEGE 
KNIGHTS HILL. E27 
Required for Semember 1961 Assistant 
THE METAL BOX COMPANY LIMITED Grade B, to teach Chemistry to G.C_E. Advanced 
rn , le pplicants should teach 
RESEARCH DEPARTMENT ACTON ind Degree lev Apr nould have 
ng experienc 2 R200 or equivalent 
jualification Salary range £738 to £1,486 
sGquee 4 mencing and maximum salary according to age 
qualifications xper Appointmen 
MALE OR FEMALE temporary in first instance, but permanency avai 
able if satisfactory 
UNIVERSITY OF BIRMINGHAM ASSISTANT Apelicetion forms from Principal, severest 
DEPARTMENT OF ZOOLOGY AND thks within two weeks os sclt-addressed fools 
COMPARATIVE PHYSIOLOGY fur cap envelope). Please quote (FE.3/N/1111 5 
A nr n are ted for the pos radu 
» af study and a person with GC.E advanced 
ate Fesearch assistant to the Professor of Zoolory | in" science subiects, desirable RESEARCH ASSISTANT 
Ar ants witt pa Please apply R for interesting post involving bio 
vil ad Rei CS chemical research into the causes of menia 
clect Py The Meta! Box ¢ Ltd teficiency > t for r second-class 
fesirabic Sa and Resear Departme Kendal Avenue honours wishing » to PhD Good 
‘ Westfields Road 4 working cond S and a scope for rigina 
work Salary n the rang of £650 to £1,150 
Applications aming tw s, should he ° 
sent to the Assistant Registrar (S vce), the Uni- (N.H.S. terms) according » qualifications and 
rh rmingha xpericnce 
rsity, Edgbast B t Apply n the first instance. to Dr. B. W 


UNIVERSITY Of} HULI UNIVERSITY OF QUEENSI AND Richards, St Lawrence's Hospital, Caterham 


Applications af 


nitment to 


sips in Phys ble fror obe ications are sition o e- 
Lectureships in Physics tenabl Cooter | of R UNIVERSITY OF BELFAST 
nt Salar £1.050 to £1,850 per annum, with earch Assistant ff Biochem 
acing fine t ficat ind experien tr The appointee The Senate of the Queen's University of Belfast 
and family ‘allowances “ Jamental studies applications for a Lectureship in Botany 
Further particulars may be obtained from the f is lave the oppor are m October ve Salary e £1,050 
wWersigned to whom applications (six copies) | tunity to proceed degree The £!.550 plus pens on rik ts under the 
hould be submitted by May 31, 1961 ippointment w be for two years at a salary of FSS.1 Init at pla A, v¢ salary scalk wil 
W. D. CRAIG £A.1,350 App should possess a university | depend on qualifications and experience Appl 
Registrar. | honours degree in science with biochemistry as a | S4tions should be received by May 31. 1961 
: n subject or equivalent qualifications with _ Further particulars * ay t btained from G. R 
MIDDLESEX HOSPITAL MEDICAL | research experience in biochemistry Cowie, M-A., LL.B., J.P., Secretary, the Queen's 
Applications, stating age, qualifications and ex University of Beltast, Belfast Northern Ireland 
SCHOO! perience. should be forwarded to the Registrar 
hief Technician required to take charge of | University of Queensland, Brisba Queensland RESEARCH ASSISTANT WANTED AT 
echmical establishment ir w department deal Australia, before May 2 1941 Stoke Mandeville Hospital! to help wth current re- 
na with medical app ns of radi@active search on an immunological! proiect connected 
topes Extensive experience { design and con- with Rhcumatowd Arthritis The person appointed 
truction of electron juipment essentia Some SIR JOHN CASS COLI EGE would work directly with the Pathologist under 
administrative experience desirable Salary on JEWRY STREET, LONDON, E.C.3 taking the research. Salary £750 to £1,000 per 
scale £905 to £1,085 per annum, plus £40 London DEPARTMENT OF MATHEMATICS annum according to ante me ons Inquiries and 
weighting applications, giving details of experience and the 
Applications. giving details to Secretary The G applicatt the ap- | names of two referees. to the Pathologist. Stoke 
partment idlese ospital M aj | bolatment o enor ecturer in athematics. | yandeville Hospital. Aylesbury, Bucks 
Physics Departmen Mid x H 2 Acdica Applicants should have a higher deerce in mathe- 


ho Yeveland Street, W.1 
Sch Cleveland Stre matics and be prepared to initiate research in SENIOR PHYSICIST REQUIRED IN RADIO 


INSTITUTE OF DISEASES OF THE | me branch of applied math matics, The salary | therapy Department. Applicants must be gradu- 


: “ be on the scale £1 588 £50 to £1,801 ates in physics, preferably with honours and 
CHEST Details and form of application may be obtained | chould normally have had five years experience of 


(UNIVERSITY OF LONDON) from the Secretary hospital physics or with radio-clements. The post 

Applications are invited for a research worker offers development work on physical and instru 

~ Ph.D. or MSc. status to work in the Bio- CHEMIST REQUIRED ON OR BEFORE | mental probiems. Salary £1.259 per annum rising 
hemical research laboratory » problems of August 1, by the Sports Turf Research Institute. | to £1,700 plus £50 London weighting allowance 

tissue respiration. Salary on university scale Bingley, Yorkshire Applicants should possess a | Applications, stating age, exper ence. qualifications 

Applications addressed to The Secretary, Insti degree, preferably in agricultural chemistry. and | and names of two referees. to the Secretary 


tte of Diseases of the Chest, Brompton, London have postgraduate experience Further details ob- | Lambeth Hospital, Brook Drive, S.E.11, as soon 
wi tainable from the Secretary as possible 


an, 
+ 
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CLARKSON COLLEGE OF UNIVERSITY COLLEGE OF THE 
NICHOLAS RESEARCH INSTITUTE || TECHNOLOGY WEST INDIES 


ALDERLEY EDGE | PHYSICS DEPARTMENT Applications are invited for post of Demonstra- 
STATISTICIAN / TOXICOLOGIST POTSDAM, NEW YORK, U.S.A tor or Assistant in sub-Department of Pharmaco- 
Graduate required with training in statis- Applications are invited for a faculty appoint logy it Jemonstration and some 
cs, and phys gy or pharma RV The ment effective September 1, 1961. Salary and rank | teachin ) e¢ MB., B.S. degrees of London 
s s that of tox ‘gist at the Nich will depend upon academic qualifications and ex- { h Initial appointment one 
' r f appointee Applicant should have a | year y jualified £1,000 per 
doctor’s degree in physics and # strong interest noun i-F in range £500 to £900 per 
in teaching at all levels from first year college annun fi jualifications and experi 
through graduate Participation in research will ence furnished accommodation at rental of 
| be expected First preference will be given ¢t 10 per cent of basic salary Return passages for 
| theoretical physicist interested in solid state appointee only 
| ntalist in same field Detailed applications (four copies), naming three 
| v full particulars of education | referees, by June 28. 1961, to Secretary, Senate 
| experience sting the names of three Committee on Colleges Overseas in Special Rela- 
sanies | ences, shou be sent to Professor T. S. | tion, University of London, Senate House 
Please apply in writing s @ age, ex yema at the alx address | London, W.C.!1, from whom further particulars 
per and qualifica to the Personne | mav be obtained 
Manager (R/E/2), Nicholas Research In. || IMPERIAL CANCER RESEARCH 
stitute Biolog Laboratories, 225 Bath FUND DALHOUSIE UNIVERSITY 
Road. Slough, Bucks Junior Biochemist required for new virus pro- HALIFAX, NOVA SCOTIA, CANADA 


Applications are invited for a position in the 
Department of Mathematics 


ect Experience in tracer techniques an advan- 
}rage. Salary according to age. qualifications and 


UNIVERSI ry OF ST. ANDREWS xperience The initial salary will be fr m $7,000 to 
RESEARCH ASSISTANT IN CRYOGENICS Applications to Dr. R_ J. C. Harris. Imperia $9,000, depending on the qualifications of the 
(LIQUID HE®) Cancer Research Fund, Mill Hill, London ipplicant, who should write, including a short 
Applications are invited for a Research Assis- W.7 irriculum vitae. to Dean Hicks. Dalhousic Uni 
tantship im very temperature physics in the versity 
Department of Natural Philosophy, St. Salvator’ 
College. to assist in the design and constructi fs A SCIENCE GRADUATE (CHEMISTRY 
f liquid He* cryostats and refrigeration cycles UNIVERSITY OF LONDON and botany) with an interest in horticulture is 
P in the handling f liquid He* is required to carry out research on the composition 
and of He® of advantage but not essen KING 'S col I FGE of fruit varieties The appointment is permanent 
post is part of a D.S.LR. Research and prospects are excellent Personal qualities 
Salary £1,000 per annum for three The College wil! require on October |! are more important than high academic stan- 
r a suitably experienced perso 1941 xr as soon as possible thereafter, a lard Applications should be addressed to the 
may shorier pe Lecturer in Electrical Engineering. Appli Director, Fruit and Vegetable Canning and Quick 
ben if int is ants should have a good honours degree Freezing Research Ass ation, Chipping Camp- 
scheme, but not herwise n electrical engineering. Preference may be den. G giving full personal details and stating 
ns with names of tw referees given to an applicant with special! interests alarv required 
iged with the Joint Clerk to tt n electrical machinery ; 
June 15, 1961 ‘ Salary scale: £1,050 by £50 per annum to Wembley require a graduate for work on very 
- « pure inorganic chemicals Some physical leanings 


£1,400 then by £75 per annum to £1.62 


RESEARCH AND DEVELOPMENT | _ thet subiect to review by £75 to £1,850 


A weful. Outside experience helpful but not essen- 
tial. Salary according to qualifications.——-Write or 


= ! London allowance of £60, family allowances 
FSTABLISHMENT and FSSU benefits will also be payable telephone WEMblev 1088 
AERONAUTICAL AND GENERAL Conditions of appointment and application f 
INSTRUMENTS LTD forms may be omained from the Registrar have aq salified Research 
105/107 LANSDOWNE ROAD King’s College London, Strand. W.C.2 hemist age 28 to 30, preferably with some indus- 
CROYDON Completed forms must reach him by June 7 cries Capersence - rean hemicals and synthetic 
REQUIRE resins Modern laboratories, five-day week and 
ontributory pension scheme Salary according to 
uk nd lificatio 1700 £1 40 
jualified at least to Hieher Natio “ert if ave and qualifications £1.20 400 Apply 
ied her ational Certificat Managing Director Synthit Limited Ryders 
INSTITUTE FOR NUTRITION | Green, West Bramwich 
All applications tance to be in RESEARCH AGRICULTURAL RESEARCH COUNCIL 
writing to the above address RUSCHLIKON-7ZORICH require an honours graduate in chemistry or bio- 
ks qualified laboratory technician with bic hemistry at the Low Temperature Research 
ROWETT RESEARCH INSTITUTE | chemical background: experience in protein | Station, Cambridge, for a period of about three 
Assistant Experimental Officer required in the hemistry and some knowledge of German i years to investigate the constituents of animal con- 
Department of Applied Nutrition to work mainly f advantage but not necessary Ss r n wd nective tissue tovether with related enzyme 
1 amino acid analyses f proteins by the with age and exp nee ystems Good knowledge of general chemistry 
Sp > An : . d ha Th po Ss availab from August 158 an and an interest in protein chemistry essential 
the Higher National stry or | applications, stating the date of birth. qualifications | Subjects for study are of type generally suitable 
equivalent qualification. Experien f or interest ind experience. together with referen sho for submission as dissertation for a higher deerce 
n instrumentation would be of advantave. Salary | be forwarded not later than June WO to th Salary in the ra £738 to £1,222. according to 
cale (men or women) £450 10s. (age 18) to £95 Director (Institut fiir Ernahrunesforschung qualifications and experience Applications, with 
A superannuation scheme is in f Seestrasse 72. Riischlikon-Ziirich. Switreriand) names of two referees. to the Director of the 
Station. Downing Street, Cambridge 


Applications, stating date of birth with par 


h f qualifications and perience, together MAKERERE UNIVERSITY 
with the names of referees, should be sent to tt 
le COLLEGE GRANTS & SCHOLARSHIPS 


Secretary. Rowett Research Institute, Bucksburn 
EAST AFRICA 


Applications are invited for ectureshi in 
GLASSHOUSE CROPS RESEARCH INSTI Physical Chemistry. Salary scale £1,350 to £2,151 UNIVERSITY OF CAMBRIDGE 
tute requires Scientific Officer for plant breeding per annum Entry point determined by qualifica Applications ar invited for two Research 
section, primarily for research on mushroom | ‘ions and experience FS.S.U Child allowance | Grants tenable at the Department of Colloid 
spawn and breeding for disease resistance in h £SO per annum per hild (maximum £150 per | Science from October 1, 1961, for theoretical and 
annum) Passages for appoint and family (up *xperimental work on particle interaction § in 


plants Appointment initially in Scientific 
7 ‘ It passages) ON appointment. termina Yioidal systems Successful candidates would be 


scale (£717 to £1,222), according to age to five 

perience ; superannuation under FS S.1 tion and leave (three months every 2! months) expected to become registered research students 
fates should have honours degree in appro Rent according to quarters provided £45 to £84 and to study for higher degrees in the University 
subject, and preferably postgraduate exper per annum (inch 2 hasic furniture) Further details from the Secretary, Department 
genetics, particularily of micro-organisms but Detailed applications (six copies). naming three Colloid Science, Free Schoo! Lane. Cambridge 


referees, bv June 22. 1941. to Secretary. Inter- 


University Council for Higher Fducation Overseas. | ROYAL HOLLOWAY COLLEGE 


students with suitable basic training 
this year may be considered 


available from Secretary to the Institut 29 Woburn Square. London, W.C.1, from whom 

Road Rustington Littlehampton Sussex t further particulars may be obtained ct NIVE RSITY OF LONDON) 

whom applications, with names of three referees POSTGRADUATE STUDENTSHIPS 1961-62 
rng OS ; VACANCIES EXIST FOR POSTGRADUATE The Council of Royal Holloway College wil! 


should be submitted before May 31, 1961 
research in the chemistry and biochemistry of | shortly award a certain number of Postgraduate 


GRADUATE CHEMIST REQUIRED. WIILH | micro-organisms Students will be eligible for | Studentships in Science, open to men and women 
cveral years’ industrial experience, to perform | registration for the Ph.D. (internal) deeree of the graduates of any university Successful candi 
and supervise inorganic analysis A knowledge of | University of London Research erants mav be | dates. if eligible in other respects, will be recom 
modern physical methods including ion exchanec available in October for students who attain a | mended for Studentships of the Department of 
and chromatographic techniques is desirable The 200d honours degree in chemistry or biochemistry Scientific and Industria! Research Particulars 
work will entail investigations and research pro Applications should be submitted as soon as pos- | may be obtained from the Registrar 

grammes connected with conventional and nuclear | sible by candidates who have already graduated or Applications should be forwarded to the 
power plant Applications, stating age and ex who will be sitting their final examinations before | Principal Royal Holloway College, Engleficid 
perie should be sent to the Superintendent August, 1961 Apply in writing to the Professor | Green, Surrey, as soon as possible, the closing 
Research Department, Babcock and Wilcox Ltd xf Biochemistry, London Schoo! of Hygiene and | date for the receipt of applications being July | 
High Street, Renfrew Tropical Medicine. Keppel Street, W.C.1 | 1961 
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UNIVERSITY OF LEEDS 


THE HOULDSWORTH SCHOOL OF APPLIED 
SCIENCE 
CHARLES BROTHERTON SCHOLARSHIP IN 
eee AL ENGINEERING, GAS 
ENC NEERING AND FUEL SCIENCT 
Apr ted for th atx s ar 
p of 25 a year, pr ded 
to ¢ z ts to follow an honours 
ring as r eerin 
‘ 5 he Houldsworth School 
Apt S In s where the candidate 
t 1, sch arship ma 
a Sta S airship awardec 
M Educat The scholarship 
ant Br h nationality fror 
y. wi re qualified enter upor 
dex 
Ap t h ach the Registrar, from 
A tt irs and form f app ati 
ster than June 30, 1961 
UNIVERSITY OF LEEDS 
THE HOULDSWORTH SCHOOL OF APPLIED 
SCIENCE 
Apr ations ar ted for the following en 
trar s ‘ n the Houldsworth Sch 
f Ar 1s 
Wil Holmes Sch rship in Ga 
Engr an I Science tenable in the 
H worth § Applied Science The 
present : t hip ss £140 a year 
1 enat r two or three years, with 
wer extens for a th year 
c bet and H yw lal! Scholarship in Gas 
Eng ering and Fuel Science, tenable in the 
H fsworth Sct f Applied Science f the 
\ f £135 a year It is tenable for thr years 
with power { ext r a fourth year 
The Sct rships r mrended to enable a 
student to t 4 s f study at the University 
pree ti forar ble posit as a Gas 
Enginec They be supplemented by the 
sward of a supplier tal State Scholarship by the 
Ministry of Education where a candidate reaches 
ed standard 
Further particular und forms of application 
may hx 1 from the Registrar. the University 
Leeds 2. to whom applications should be made 
June 30, 1961 
UNIVERSITY OF LEEDS 
OPPENHEIMER RESEARCH SCHOLARSHIPS 
IN APRKIK AN GEOLOGY 
Apr at sa ted qualified 
a for Research 
Al Ge ay Tt work, which w ad t 
) “ ne pa mn Af and partly 
Leed The hol which are awarded 
» peri < ur worth £600 a 
with ficld allowances and 
rov f fare > from Africa each year 
Ap tions geth “ the names of two 
should b mitted on hefore Junc 
Professor W. Q Kennedy, Department of 
sit eed 2, from whom 
f he r Ss may rained 
UNIVERSITY OF MANCHESTER 
METROPOLITAN-VICKERS 
POSTGRADUATE BURSARIES 
An 4 om ’ ny ed fr m hon irs era tu 
s in | n Physics, or Mathemat f 
p bursaries of a 
y w g ‘ te 70 pe 
ilthoug h ximum may be exceed 
r ses The bursaries ar enat fo 
und M nical Engineering in the 
Technology 
Ap naming the Department and 
then he candidate proposes to work 
! he sem afer nJ 1, 1961, to the 
R the 1 rsity, Manchester, 13. from 
whom th rs and forms of applica 


NATURE 


HUMAN GENETICS 
DARWIN RESEARCH FELLOWSHIP 
Applications are invited for a Darwin Research 


| Fellowsh p in 
genctics with § 
|} human  variabil 


the ficld of human population 
pecia! reference to the range of 
ity The Fellowship, preferably 

n, would 


full-time and up to three years in duratio 


| carry a salary in the range £800 to £2.000 and is 
| open to persons suitably qualified im science or 
nedicine 
| Application should be made by 
(although a later application might be considered 
to the Eugenics Society, 69 Eccleston Squ 
London, S.W.1, from which further information 
may be obtained 
UNIVERSITY OF LONDON APPLICA- 
n is invited for the Laura de Saliceto St ident 
hip (part-time) for the advancement of Ca r| 
Research, value £150 a year for not less than 
two years Applications should reach the Un 
versity not later than June 1, 1961.—Furth 
particulars may be obtained from the Secretary 
» the Scholarships Committee, University of 
London, Senate House, London, W.C.1 


LECTURES AND COURSES | 


(A COLLEGE OF 
CR 


BATTERSEA COLLEGE OF 
TECHNOLOGY 

ADVANCED TECHNOLOGY) 

YSTALLOGRAPHY SECTION 


Courses) 


A postgraduate wse leading to the cxamina 
tions for the degre M.Sc n Crystallography 
vf the University of London or the P stgradu 
Diploma of the College (D.C.T(Batt.) ), will be 

n on October 2, 1961 f time part-time 
students are accommodated ind crta t 
umstances scholarships are available 

For further details apply to Dr. D. Lewis. Head 
f the Crystallography Section. Battersea Colle 
f Technology, Battersea Park Road, Lond 

FRAINING PROGRAM ME 
STEROID BIOCHEMISTRY 

Applications now being received for one year 
advanced training in the theory and technolog 
f steroid biochemistry to start September, 1961 
Recent graduates with MD or Ph.D. degree will 
receive stipend of $5,500. Sponsored by Nationa 
Cancer Instit 

Apoly Dr. Frank Ungar, Department of Phys 

gical Chemistry, The Medical School, University 
Minnesota, Minneapolis 14 

BRADFORD INSTITUTE OF 
TECHNOLOGY 
DEPARTMENT OF CHEMICAL 
ENGINEERING 
A Short Course on 
* REFRIGERATION IN THE CHEMICAI 
INDUSTRY ” 

will be held on Thursday and Friday, June 29 and 

1, 1961 Course fee: £1 10s 

Further details and forms of application may 
he obtained from the Head of Department of 
Chemical Enginecring. Bradford Institute of Tech 
nology, Bradford 7 

UNIVERSITY OF LONDON A LECTURI 
entitled The Analysis of Cel! Reproduction 
will be delivered by Professor D. Mazia (Cali- 
fornia) at 5.30 pm May 18 at the School of 

| Pharmacy, 29-39 Brunswick Square, W.C.1 Ad 
mission free, without ticket.—James Henderson 
Academic Registrar 

BATTERSEA COLLEGE OF TEC HNOLOGY 

ynndon, S.W.11 The Spectroscopy Sex n ha 
re ed Summer Sch n ur chn 
loey aD to be held June 19 74 Fee 1? 
guineas, or 10 guineas if revision work (first day) 
$ not required Further details and nrolment 
forms available from the Secretary (Spectroscopy 


May 13, 1961 


U.K.A.E.A 
HARWELL REACTOR SCHOOL 
STANDARD COURSE NO, 23 
To he m September 18, 1961, to 
2. 1962 I £250 exclusive of 
a moda This Course has been re- 
it st information of 
ers »hysicists whose 
m sign or opera- 
It now of nine 
| weeks at a ¢ ¢ ot Advanced Technology 
n ad ’ th ten weeks of more 
idvanced \.E.R.E. Harwell and 
A.E.E. Winft 
CONTROL AND INSTRU MENTATION 
} OF REACTORS COURSE NO. 7 
To be held at D H Bournemouth, 
j m Ser nt ss to O ber 6, 1961, in- 
| sive Fee > 10s x of accom- 
} mod It is { those who 
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is the Registered Trade Mark of 
GEORGE T. GURR LTD. 
brand of MICROSCOPICAL STAINS and 


Reagents has become world-famous. 


{ you want this world-famous brand specify ““GURR’S”’ 


and refuse any other 


Ask for cotalogues 
GEORGE T. GURR LTD. 


6 


NEW KINGS ROAD, LONDON, S.W4 
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“ERP.” PLASTIC FLEXIBLE TUBING 


Steritizable ai 120°C, non-toric and non-pyrogenic, for 
Blood Beverages, various Chemicals, etc., in 


ESCO (RUBBER) LTD. 


34/36 Somerford Grove, London, N.16 


@5 mm. to 40 mm. bore. 
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Simplified milk phosphatase test 


p-Nitrophenylphosphoric acid, disodium salt (c//-sodium p-nitrophenyl! 
phosphate) is used as a substrate in the milk phosphatase test of 


Aschaffenburg and Mullen now gaining in popularity and recognition 
because of its simplicity and speed. (See J. Dairy Res., 16, 58 (1949), 
and Dairy Ind., 18, 316 (1953)). 

We make the reagent and can supply from stock. A suitable 
Lovibond Comparator for this test is obtainable from Baird & 


Tatlock (London) Ltd. 


Karl Fischer catalyst 
This well known method for the determination of water is 


widened in scope and increased in precision by the use of Karl 
Fischer Catalyst with tnstruc- 
tions from Hopkin & Williams Ltd. Please write for in- 
struction leaflet. 


Uranium by spectrophotometry 
Our 1-(2-pyridylazo)-2-naphthol (PAN for short), already known 
as a metal indicator for complexometric titrations, (H. Flaschka 
and H. Abdine, Mikrochim. Acta, 770 (1956); Anal. Abs., 4, 794 
(1957)) is now described as a spectrophotometric reagent of high 
specificity for uranium (H. Shibata, Ana/. Chim. Acta, 22,479 (1960)). 


Sensitive reagent for Calcium 
We also make di-(o-hydroxyphenylimino) ethane (glyoxal-bis-(2- 
hydroxy anil)), a specific colour reagent for microgram quantities of 
calcium in solution. 

In the solid state calcium oxide can be detected in mixtures of mag- 
nesium, strontium and barium oxides. (D. Goldstein and C. Stark- 
Meyers, Anal. Chim. Acta, 19, 437 (1958)). Its use as a complexometric 
indicator is described by Goldstein in Anal. Chim. Acta, 21, 339 (1959). 


The above are further examples of the great range 
of up-to-date reagents made available 
hy Hopkin & Williams Ltd. 


FINE CHEMICALS 


for research, analysis and industry 


HOPKIN & WILLIAMS LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Agents throughout U.K, and all over the world 


Branches: London, Manchester, Glasgow 
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maA><TA FOLDING MICROMETERS 


Here at last is the ideal pocket instrument to 


give you really accurate measurements. A 


clear-cut and robust graticule is built into th 
base of a folding magnifier so that the imag: 
can be placed In contact with the object being 


measured The cut-away design of the magnifier 


allows pl ‘nty of light to fall on the graticule and 


the object being viewed ensuring an accuracy of 


measurement down to 0.002 


A large Varicty of patt ris 1S available to suit 


most requirements, but above all this micrometer 


1s for on-the-spot micasurcement be it in drawing 


office, laboratory or on the factory floor 


NOW AVAILABLE — The'new Y Series Counting Mask for 
textiles, printing, etc. Frame in anodised black finish. 


Just two of the many 
patterns available— 
Ref. Z.3 and Y.2 


PATTERNS AVAILABLE : 


Y Series (ounting mask giving gaps of 1”, $", }” Ref. Z.3. Honzontal and vertical micrometer scales cros- 
and i cm., combined with micrometer. sing in the centre, 10 mm. in 100 parts. 
Ret. Y.1. 10 mm. in 100 parts Ret. 2.4. As 2.3, but $° in 100 parts. 
Ref. Y.2. 4” in 100 parts Ref. Z.5. Concentric arcles with numbered keyway, $ to 
12 mm. diameter 
Z Series The field of view is 1” square Ref. Z.6. As Z.5, but 1/64” to 3/8”. i 
Ret. Z.1. Micrometer 12 mim. m1 120 parts. Ref. Z.7. 100 1 mm. squares, one subdivided into 0.2 mm ; 
Ref. Z.2. Micrometer 4” in 100 parts. side squares. 


Ref. Z.8. 1 mm. squares all over. 
Ref. Z.9. Half circle protractor with 12 mm. in 120 par 


and foot scale 
™~ ° Ref. Z.10. Globe and circle for particle analysis. 
> ra t | C ul e _ PRICES: Y Series 70/- each. Z Series 80)- each. 
57-60 HOLBORN VIADUCT LONDON  E.C.1 


Phone: CENtral 2717/8. Grams : Kheinberg, Cent., London 


Printed in Great Britain by Fister, Knigut & Co., Ltp., The Gainsborough Press, St. Albans, and published by Macmitan & Co., Limrrep, 
at St. Martin's Street, London, W.C.2, and St. MaRrTIN’s Press, INc., 175 ifth Avenue, New York 10, N.Y., U.S.A.—Saturday, May 13, 1961 
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